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Dear Sir: 

We declare and state as follows: 

1 . We are the inventors of the invention claimed in the above-captioned patent application. 

2. During the time period in which I participated in the events and activities described 
herein, I was employed by Genentech, Inc., the assignee of the above-captioned application. 

3. All of the events and activities described herein were performed by us personally, or by 
others at our direction as part of our duties as employees of Genentech, Inc. 

4. The invention claimed in the above-captioned patent application was conceived prior to 
December 8, 1999 and diligently reduced to practice thereafter in the U.S. as described below. 

5. Prior to December 8, 1999, we conceived of the invention claimed in the above-captioned 
patent application. Prior to December 8, 1999, the idea of investigating several newly discovered 
DNA sequences for their relevance, including developing primers and cloning the DNA 
sequences of interest from normal and tumor tissues, was conceived. The attached sequence 
printout (Exhibit A), dated prior to December 8, 1999, shows the complete sequence of the 
nucleic acid having the sequence of SEQ ID NO:63, as well as the complete sequence of the 
amino acid of SEQ ID NO:64. Thus, conception of the invention claimed in the above-captioned 
patent application occurred prior to December 8, 1999. 
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6. The date deleted from Exhibit A is prior to December 8, 1999. This date was redacted 
pursuant to M.P.E.P. § 715.07. The date that remains is the date the report was printed, March 
21,2005. 

7. After these initial experiments, we continued to produce primers, clone and sequence 
other DNA sequences. We then began to identify the expression levels of the cloned sequences, 
and created constructs for expression of the encoded proteins. PCR primers for DNA59844, 
were designed on November 24, 1999. The following primers were designed and used: 
oli.outl:<59844.£2 OLI25002>CACTCCTCCACCAGGACTCGGAG; and oli.outl:<59844.r2 
OLI25003>GGATTAGGGAAGCCAGCTGGGATG. 

8. Thereafter, the primers were tested for expression in various normal and tumor tissues on 
June 6, 2000 (Exhibit B). This page show a gel in which the primers were used to determine 
tissue and tumor expression levels for the DNA59844 sequence. This gel data shows that 
DNA59844 is more highly expressed in normal esophagus tissue and melanoma tumor than in 
esophageal tumor and normal skin, respectively. These data show diligence in reducing to 
practice following conception of the invention and actual reduction to practice therefore occurred 
by at least June 6, 2000. Thus, we conceived of the present invention prior to December 8, 1999 
and were diligent in reducing the invention to practice by at least June 6, 2000. 

9. We hereby declare that all statements made herein of our own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any patent 
issued thereon. 
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Commissioner for Patents 

P.O.Box 1450 

Alexandria, VA 22313-1450 

DearSir 

I, J. Christopher Grimaldi, declare and state as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1 999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time 1 directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 1 8 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 

-1- 



AppLNo. : 10/063,557 

Piled : May 2, 2002 



primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression . in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 

Jl Christopher Grimaldi 
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Commissioner for Patents 

P.O.Box 1450 

Alexandria, VA 22313-1450 

Dear Sir 

I, J. Christopher Grimaldi, declare and state as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1 999. From 1 999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in. the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression. in 
normal tissues as compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in nomnal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen beitween two samples will represent at least a two fold difference in cDNA, 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 



By: 



S 



Jl Chrisjfopher Grimaldi 
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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

DearSir: 

I, J. Christopher Grimaldi, declare and say as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Geneniech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
specification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normally exist, as a single copy. 
Gene under-expression can Occur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each other chromosome resulting in a chimeric chromosome . which displays a different expression 
pattern relative to the parent chromosomes, Amplification of certain genes such as Her2/Neii 
[Singleton ef all, Patfapl. Annii.,. 27Ptl:16S-190], or chromosomal translocations sttch as t(5;14), 
[Grimaldi era*, BJosd, 73(8):2081-2085(1989); Meekeref al, Blood. 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5. Comparison of gene expression levels in normal versus diseased tissue has 
important implications both.magnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle appli es to gene under-expression." When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in anolher 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so Widely used The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of. both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician.. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide.not to treat a patient with agents that target that gene product 

7: I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that 1 these 
statements were made with the knowledge that will&l false statements and the like so made, are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 




0 • 0 

J. Christopher Grimaldi 



1434.36 th Ave. 

San Francisco, CA 94122 

(415)681-1(09 (Home) 



EDUCATION University of California, Berkeley 

Bachelor of Arts in Molecular Biology, 1984 



EMPLOYMENT EXPERIENCE 



SRA Genentech Inc., South San Francisco; 1/99 to present 

Piously, was responsible .to direct and maiiage the Opning Lab. Currently focused on 

SSSESE! -° r S 6 1 ^ m ° rAnti g en AP)!and Secreted tLSSS. 

(STOP) projects for the Oncology Department as well as Immuixologically relevantje^for the 
ta^gyDeparnnent Directed a lab of 6 scientists focused on fco^y^S^ Sort 
toidentrfyandisolatesecre^ 'l^STOInSL 
my duties were, among other things, the critically iiupSootoination of 

Bio^orrnaucs, aomng, Sequencing, andLegal teams. Collaborated with several groups to 
gCne f ^ T a differential display meS ogy 

no^r^? ^l*? 531 ^ P rovidin g —** data needed for filing patenfon 
novel genes discovered through the SPDI, TAP and Curagen projects. My group has develop 
implemented and patented high throughput cloning meZiologies SmSX^tSS^ 
esseimajfor die eolation of hundreds of novel genes for the SPDI, TAP and SZJ projects as 
well as dozens of other smaller projects. ^umgen projects as 

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99 

Si^f ^j- P^.^^^der^dmg novel genes discovered through 
bmmformatics studies and functional assays. Developed and patented a method fordie specific 

essential technical methodologies and provided strategic direction in theareas oferpS 

£5 and :i PUnfi ? ti0n ' general m ° lecular biolog * *»* ^ncclonalSodyTrXSn. 
Trained and supervised numerous technical staff. 

Facilities 

Manager Corka, Redwood City; 5/89 - 7/91. 

Directed plant-related activities, which included expansion planning, maintenance, safety 
purchasing, mventory Control, shipping and receiving, and laboratory management Sued 
and implemented the safety program. Also served as liaison to regulatory ageS aTtite tocal 
£S 5*^ leVeL WaS m Chatge ° f leases, leasehoEpSenL e t ' 

(fiKCted 4116 department. Trained and Supervised 

personnel to carry out the above-mentioned duties. F«visea 



0 Q 



SRA University of California, San Francisco 

Cancer Research Institute; 2/87-4/89. 

Research 

Technician Berlex Biosciences. South San Francisco; 7/85-2/87. 

PUBLICATIONS 

^ Stn SS^M 31 - 75° Sec f* Protein Discovery Initiative (SPDI), a Large-scale 
t0 Novei Human Secrcted ^ Transmembrane Proteins: a bioinfonnatics 

assessment" Genome Res. Vol 13(10), 2265-2270, 2003 

2 * X^J 1 ' aarisSa Chui ' Sarah L Schi lbach, Xing Xian Yu, Audrey D GoddanLJ 

Christopher Gnmaldi, James Lee, Patrick Dowd, David A. Lewin & S^ven Comaa^FTT 

™ZV:£ y ^\™T™* ***** m T^g^ Brown Adiopole TW cEg 
£u^? 3 1 0 %t^^ BiocnTmSaf 

3. Szeto W, Jiang W, Tice DA Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL PhamT 

S^f^f^. 1 *^^ ^verfcxeressionof 
Ae Retenoic Acid-Responsrve Gene Stra6 in Human Cancfrs and its SynergistrVAXation 
by Wntrl and Retinoic Acid." Cancer Research Vol. 61(10), 4197-420*2001 

4 * r^J^M*^!!^ ° laddys Xhota * ^ JuKet E- Bryant, Gordon Vehar 
M Schoei^ltU. Christopher Grimaldi (incorrectly named as "Grimaldl CJ"), Frarfdin 
Peale Aparna Draksharapu, David A Lewin, and Mary E. Gerritsen. "Gene ExpreS 

SS I 1 ° f Angi0 ^ enesisM A™*" of Pamoloi P v1n?6(6), 

Grimaldi JC, Yu NX, Gnmig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin 

S I * 0 L Ga ^ ^ H ° Ward MC * Coffinan ^epletionof eosmopiuiT 

mice throng the use of antibodies specific for C-C chemokine receptor 3 (CCR3) Journal of 
Leukocyte Biology; Vol. 65(6), 846-53, 1999 IV^JWJ. Journal ot 

OUver AH Grimaldi JC, Howard MC, Kearney JF. "Independently ligating CD38 and Fc 
gammaRIIB relays a dominant negative signal to B cA-W«Wlia!S? 



5. 



6. 



o o 



7. Cockayne DA^ Muchamuel T, Grimaldi JC, Muller-Steflher H, Randall TO Lund FE 
dtS^ Ube ^ H ? Wa ^ IC <<Mice **** for the S£ 
S^SstlS 0038 ^ * wd hUm0ral senses" BlZ f Vol. 

8. Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W Heath T rw,*„i,~ 

tonaldL Troy D. Randall, R. M. E. Parkhouse, Christoph^^ow a^Ma^C 

^ «CD38 is impaired in' antigen reccZ^sp^Tve B 
<»us. European ^^foiirnahof finmnnolo^, VoL25(5); 1338^1345, 1995 l ^ UMVBri 

McClanahan. "A new approach to the study of haematopoietic development £e volk sac 
and embryoid body." Development, Vol. 121(10), 3335-3346, ^f 0 ^^^ 0 ^ 

10 J C^topher Grimaldi, Sriram Balasubramanian, J. Fernando Bazan, Armen Shanafelt 

^^veness of xidB cells imphcates Bruton's tvrosme^^^^rof 
CD38 induced signal transduction." International Immunology, Vol 17(2) 16MTOJ1995 

12 ' SS^urn^C?38° * CWst0 f her GrimaWi - *• M - * Paddiouse and Maureen 
• mT469^ms imnUU10regUlatory ectoenz y me '' Immunology Today, Vol: 

13. Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E Lund. LeonoMn 
CASTS' J' f R *S*T> Tim0lh y R WaI ^ ^ HoTcleu^ Le^^ 

W ' ESP!? *?^2f 3 P oldc > S^^AxgWiedp, Ray.Chang, J.jChristopher GrimaldL Frances 
Lund, CarmlvnnL tirannan, Neal G. Copeland, Nancy A. Lsns, Andrew SfST 

bSTchS ^ HowanL "Expression Cloning of a cDNA Enc»Xig^a1^vel Murine 
^mSSTlTO^ Homolo ^ toHumanCD3 8 n Tl» Journal of InLnS^T 

15. David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A Lareaesoadn. J 
Chnstophex Grimaldi, Lucie Cohen Randolph N. MohTl. £S^oS!!^La 
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mution^UMcSerion of 
Bruton's Tyrosine Kinase in hnmunodeficient XID Mice." SciencT^St^S 

16. J- Christopher Grimaldi, Raul Tones, Christine A. Kozak, Ray Chang, Edward Clark. 
Maureen Howard, and Debra A. Cockayne. "Genomic Structure JxZ^o^wtin* 
of the Murine CD40 Gene." The Journal of Immunology, Vol 149, 392 ^9^92 

11 ' Sober C^V®?"* S ^ miZU> L ™? QCe Brian Hemdier > Henry Sanchez, J. 

umstopher Gnmaldi, James Baumgartner, Jacab Rachlin, Ellen Feieal Mark Ro^hinml 

MrchaelS.McGrath. "Evidence for Molecular Subtypes offflvS£ L yn^T 



o 



o 



18 '^^f ^ dC ^?, Gri r IdL "S^-S^eLambdaDNAPrep." Contribution to 
Current Protocols in Molecular Biology, Supplement 5, Winter 1989 

19. £ Christopher Grimaldi, Timothy C. Meeker. "The t(5;14) Chromosomal Translocation in a 

S 1 f kBa ** loins me mterleukin-3 Gene to the Immunoglobulin 

Heavy Cham Gene." Blood, Vol 73, 2081-2085, 1989 ^ 

20. Timothy C Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the 
BCL-1 Locus Associated with the t(ll;14) (ql3;q32) Translocation of lymphocytic 
Malignancy." Blood, Vol 74, 1801-1806, 1989 ympnocyuc 

21 ^*j£ M ^f\ J -9^P^ "Lack of Detectable 

- f^JST^^Jt \ V *** on 0f ** ft H °^ <*» of a Human CtaS?' 
Lymphocytic Leukemia." The Journal of Immunology, VoL 141, 3994-3998, 1988 

MANUSCRIPTS IN PREPARATION 

1. Sriram B^asubramaman, J. Christopher Grimaldi, J. Fernando Bazan, Gerard Zurawski and 
aSy^teSut- :^<^andfunctionalcharacterizationofCD38: IctentificatTon of 

» 

PATENTS 

1. "Methods for Eosinophil Depletion with Antibody to CCR3 Receptor" (US 6,207, 155 Bl). 

2. "Amplification Based Cloning Method." (US 6,607,899) 

3 ' ^!^l al " USecrQt&d md Transmembrane Polypeptides and Nucleic Acids Encoding 
tnesame. (mis patent covers seyeralhundred, genes) , 4 

4. "IL-17 Homologous Polypeptides and Therapeutic Uses Thereof' 

5. "Method of Diagnosing and Treating Cartilaginous Disorders." 
MEMBERSHIPS AND ACTIVITIES 

Editor Frontiers in Bioscience 

Member DNAX Safety Committee 1991-1999 

Biological Safety Affairs Forum (BSAF) 1990-1991 
Environmental Law Foundation (ELF) 1990-1991 



o 



'*.ltW{ Tf..'^* WC ^ Wf ^ Ajv 



The t(5$14) 



msldDcaUfldDJisi inn & Case ©IF _ 
-EuafteirIleifflIkSDtt-3 Genu© 4© A© ImmnsmogSe^ 

By J. Christopher Grfmaldi and Timothy C. Meeker 



.20 GfcEUe 



Chromosomal translocations have proven to too. important 
mriarkers off the genetic abnormalities central) to the patho- 
genesis of cancer. By pSoning chromosomal breakpoints 
©true can W©ntWy activated proitc-cncogemea. W© have stud- 
Bod o case off B-flneage acute Jyrjmhocytte.!eukemt& (AIL) 
ghat was associated wfth peripheral blood eostnophQla. ThQ 
arfwomosomd tronslocatton tj5tf4) 8q3D;cj)3aP tfrbm this 
-TS©mp1terwas^r^ i^fecoWiteTOO;*TFhter 

TXT ARYOTYPIC STUDIES of leukemia and lymphoma 
IJA have identified frequent nonrandom chromosomaa 
turansiocations. Some of these translocations juxtapose the 
iimmunogiobulin heavy chain (UgH) gene with important 
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Hg 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DMA (ft) and the leukemia 
sample (LI were compared using a human Jh probe. Rearranged 
bendo are Indicated by arrowo. 8amplo t exhlbfto a stogie rear- 
ranged band with both Hind IM/ffcORI and Ssw3A restriction 
digests. The rearranged bends are less Intense than the other 
bands bees use tho majority of calls In the sample represent normal 
bone marrow elements. 



translocation Joined the Immunoglobulin heavy chain Join- 
ing (Jh) region to the promotor region off the mterIeukin-3 
(IL-3J gene in opposite transcriptional orientations. The 
data suggest that actJtfartiooi) of .the lt-3 gen® by th© 
enhancer of the Immunoglobulin ftoayy chain gene may play 
a central) rot© In the pathogenesis of this leukemia and the 
associated ecsinopWIJa. 

-o mmpy6rmer@rSmrt*ot^bKL- ■ - ■ 

protooncogenes, such as omyc and oc/-2. u In this way, the 
HgH gene can activate proto-oacogenes, resulting in disor- 
dered! gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the SgH-locus allows m to identify new genes 
promoting the generation of Seu&emia and lymphoma. 

A distinct subtype of acuttf lymphocytic ieu&emia (ALL) 
has been characterized by B-lineage phenotype, associated 
eosinopMlia in the peripheral blood, and a t(5;14)(q3fl;q32) 
chromosomal traiislocation.^vThis syndrome probably 
occurs in <l% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interfeukin-3 
gene (lh-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 
Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosuiophilia (up to 20,000 per 
microliter with a norma! value of <350 per microliter) and a 
t(5;14)(q31;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 5 Briefly* 
lOMgcfhigh molecular weight (moJ wt) DNA were digested using 
inappropriate "Action enzyme and electropboresed on a 0.8% 
'apF&e'^d. The gel was stained wjth ethidram bromide, photo- 
graphed, denatured, neutralized, awftransferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported. 6 
Genomic library. The genomic library was made using pub- 
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Med methods. 1 Approximately 100 „g of high mol wt genomic 
JNAwere partly dieted with the Jau3A restriction e^ 
Pigments from 9 to 23 kfiobases <kb) inhere Isolatedona 
S?!fl an4l! ? ,e4lBtopliai,eBMBL3A (Strategy San 

DHA> uquaaag. Fragments for sequencing were dooed into 
^.^TnTt^^ 7 °* method using 

^^Msar a- - js 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophil Karyotypie 
analysisshowed the characteristic t(5;14)(q31;q32) tianslo- 
cation. These features define a distinctive subtype of ALL.** 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD201 
W (CD19) cALLA (CD10). HLA-DR, and Lntoai 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an 
toe cell from the B-lymphocytlc lineage.* 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immuno- 
globulin Jh probe, a single rearranged band was detected by 
a»RL Hlrtdm, Sstl, Sau3A, and EcoRI phis HlndUl 
reaction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in' the germline configura- 



We hypothesized that the t(5;l4)(q31;q32) juxtaposed a 
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growftrpromoting gene on chromosome 5 with the immuno- 
0501118 Therefore, a gen om£ 
library was made from the leukemic sample and sctJm* 
wtJaJh probe. Fifteen distinct positive clones wereSSSS 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By thS 
arudysis, five clones appeared to represent tiTreamuSS 
allele identified by DNA blots. One tfS clones^SS 
2™ ChOSen f ° r furthw and a detailed restrict 

fragments from clone no. 4 that hybridized to the human Jh 
P*wmal»,id*ii, fetotblt ^ fa ^J 
from the leukemia sample, confirming that clone 
represented the rearranged leukemic allele. 

uEX Sn" 4 37 kb rf origin 

SSf^ff le 8 ten rf (Fig 2). The IgH 

gene from Jh4 to the Cmu region appeared to be m germl^ 
configuration. Previously, the gene encoding hematonoi^*** 
growth factor IL-3 hadbc^marW^b^osome^lso 

gene. u When the restriction map of human IL-3 and done 
no. 4 were compared, they were identical for more than 3 kb 

We confirmed the juxtaposition of the IL-3 gene and the 

15mm b 7 " UClc5c add of the subclone? 

BstmfHpal fragment (Fig 2). The sequence of thfafiSJ 

mentshowed nodlsruptionoftiteprotemcc^ region or the 

messenger RNAofth^IWgene.ThebreakmtherLsgene 
occurred in the promotor region, 452 base pairs fbrt 
upstream ofthe transcriptional start site (position 64 Fig 
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3A)» The break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of HL-3 in the same transcrip- 

;t2i© JM region. Between the two breaks, 25 bp of uncertain tiona! orientation. 16 Using this information and assuming a 

origin (putative W sequence) were inserted. 134 * No sequences simple translocation event in om sample, we can conclude 

homaologoas to the immunoglobulin heptamer and nonamer that the 5L-3 gene is normally more centromeric, and the 

couald be identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gene, more telomeric on chromosome 5q (Fig 4). 

ntadeic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 

EL-3 gene and the IgH gene. The sequence data deafly the centromere, 
stowed that the genes were positioned in opposite transcrip- 

tkmal orientations (head-to-head). DISCUSSION 

AvaMfedaia jfea,aj|owed na to de^rmige the normal _la this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relatfom . tr^locafioa t&at appearsfol^la wnsxsfem^eafere.Wa ras^; 

to Hhe centromere of chromosome 5 (Fig 4). The IgH gene h yet distinct, clinical form of acute leukemia. This tranaloca- 

to<owft to be positioned woth the variable regions toward , the ton joined the promote of the IL-3 gene to the IgH gene, 

telomere on chromosome 14q. ws It has also been shown that Except for the altered promoter, the BU3 gene appeared 



3°CATCAGGTCCi^ACCGTC^^ 240 
5 0 GGGCTC&TCTCACCTGCTGC 

3 0 CCCCAGGAGAGTGGACGACGGTACGAAGGGTAGAG^^^ 32B > 

o 0 0 ithtttr&irCfCiU # 

3 9 AAAGAAC AAAGTGACT AGAACTCATX^TCTTTCAGTAC^ 

3 °GTCTATTTCTAGGAAGGCTGCGGACGGG^^ ftB0 
5 0 COUUtf£3^GCCGCCTGCCCGTC 

3 0 GOTTaX^CTCGGCGGACGGGCAGGACGAGGACGAGCT 04t 

5 8 AACGTCCTTGAAGACAAGCTGGGOTAAC 3» - — 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG 5 1 0015 

Pi To Th A 5 11 TGGCCCCAGTAGTCAIUVGrAGTCACAT^ 

IS) A ^ n * 3 Q ACCGGCGTC ATCAGTTTCAOX : ACTGTAAC ACCCTCCGGGCT AATOX:CCC^CGTGTTTCTGGACTGAGAG 

d HA 5 ' TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTC&TCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
3 • ACCGGGGTCATCAGTTTCATC ATCTCCATTAAGTAGTATCGACGCC'TA ATCGTCGCACTGGCCGATGGT 

v1 ~ 5>GGCACCAAGA<^TGT<KraC^ 

3 1 CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATC 

Fl0 3. Sequence of tl5;14Hq3t;cj32> breakpoint region. (A) Wucleotido sequence ofl tho Brnm/Hpst fragment indicated on Fig 2. 
Nuttootldao 1 to 38 represent tho Jh4 coding region underflned on tho coding strand. 0 Wwteottdoo 3S) to 83 aro o pwtethro W region. Too 
seqmonco from position && to 068 to that o? the germBno R.-3 geno.* 0 Tho IL-3 TATA boa (485), transcription atari (SUSP, end ImhSotSen 
methionine (607) are underlined. Two proposed regulatory sequeaceo In tho promoter aro marked by eoterteto (posHSono 182 and 389). (B) 
Comparative sequence o? the tiB)14)tq31 ^|32) breakpoint region. Tho JgJh4 region la shown with Hs cooing region, heptemor, and 
fionatnor under&nod. Cftono no, 4 to ohown with putative W region saquanoeo undarllnodL Tho k-3 sequence to also shown. A ptuo sign 4 +) 
denotso the identical nucleotide between sequenceo. Mo heptamer or nonamor lo iderctifiod in tho Or® sequenco. 
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*^«»*^ori««a«on ehown. On no™* chromosome 
c^^.^.T^T'T ™e t(5;U)[^1^32) translo- 

cation results i„ ih. heai-to-hoad orientation of these genes. 
Symboh ere defined In Fig 2. BP. breakpoint position. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
hn enhancer within 2.5 kb of the IL-3 gene.™ This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
raportant for activation of the c-myc gene in some cases of 

dw"«l5T W ^ aitenate "Wo*"* » ^t the 
£SS£? ««»y»twamn,3 promoter element is crucial 
to the actiratlon of the BL-3 gene 

auSnn??^ iff**" ° f t ? eI1 ' 3 •»» 8tt «8«"« that an 
S2% n? " taportant for ««e pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regardTtW 
are date indicating that immature IMioeago^S^ 
and B-linea^leukemlas may express the IL-3 receptor^ 

An additional, feature of this type of leukemia is t*„ 
dramatoc eosinophilia, consisting of mature forms. i t 
been hypctiiesized that the eosinophils do not ariBe from So 
malignant clone, hut are stimulated by the tumor 
BecausooMeknown effect of IL-3 <meosuiophildilfe*«itia. 
"aonrsecretTO^O)^ leiiEinlc-c^inKft 
have a role in theeoslnophflia in this typeof leukemia.** 

The data suggest that the recombination mechanism that 
is.active m the IgH gene during normal differentiation basa 
role m this translocation.^* This is supported by the 
IKunt location at the 5' end of Jh4 and the preseWof 
piitativeN-regton sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found' 

Z^ZJ*™,™^*™™ 0 ^'suggesting that additional 
factors also- played a role. Further studies will elucidate the 
mechanism of this and other translocations. 
J^l«*«ria westadi«Ut is iwssftle that the immuno- 
globulin enhancer also activates the GM-CSF gene, Z 
^geneisprobabiy positioned only 14 kb away (Fjg4). This 

mterleukm-5 (IL-5) gene maps to chromosome Sq31.» 

,1 ° f IL " 5 h * ^ translocation would act 
syne^sbcaBy with IL-3 in the stimulation of eosinopM 
proliferation and differentiation.* These and other qu«E 
will be answered by the study of more patient sample* Wo 

tZ^^STf l^f* ^XtflaW) transloca- 
tion is capable of activating multiple lymphokines simulta- 

j^d^tl^coopetttentta^faoffti,' 
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RAPED COMMUNICATION 

Activation of the Interleukin^ Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Wiflman; Thomas Hogan, and John Abrams 



The t(&ri4)(q31;q32) translocation from B-tineago acute 
lymphocytic loukemfa with eosfnophfRa has bean cloned 
from two leukemia sample*. In both, cases, this transloca- 
tion Joined tho IgH gene and the IntorleukhvS gene. In 
, ^ _ patfrfrt excess lt-3 mftWA worn v****** h y th e . 
leukemic cells. In the second patient, serum IV3 levels 
ware measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated whh human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto^mcogenes, such as 
bd-2, c-oM, and o-myc % that aroxlocated adjacent to the 
transbcation. u It is now widely understood that cancer* 



A distinct subtype of acute leukemia is characterized by 
the triad of B-Iineagc immunophenotype, eosinophilia, and 
the t(5;14)<q3J-q32> translocatioiu M Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyi 
• transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CT>\% but. negative for surface or 
cytoplasmic imnranogiobuliiL In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined that the IgH and inter!eukin-3 (H,3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Sample* and Southern biota. Case 1 has been described." 
CUnfcal features of Case * have been described in detail* DMA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jb probe, 
a 280 bp BantHI/BcoRl genomic fragment, and an n>3 
cDNA probe. 74 

Northernblots. RNA isolation and Northern blotting have been 
described. 9 Briefly, Northern Wots were done by separating 9ug 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidium bromide staining. Blots were 
hybridized with an DL-3 cDNA probe extending to the Xho 1 site in 
exon 5, a 720 bpSst l/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Me l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
IfNco I granidocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA i>robc> 1<wa 

Polymerase chain reaction. Primers were designed with Bamtil 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 144:5'-TAGGATCCOACGOTOACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: S'-AACAQOATCCOGCCTTATATOTOCAG). 
Polymerase chain reaction (PCR) (95°C for I minute, 61*0 for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNAand 50 prool of each primer in 100 uL containing 67 mmol/L 
™f"SJ P H 67 mmol/L Mgd,, 10% dimethyl sulfoxide 
(DMSO), 170 ttg/mL bovine serum albumin (BSA) (fraction V), 

Blood, Vot 78, No 2 (July 1 B), 1090: pp 286-289 



activity. There was no evidence of excess oranulocyte/ 
macrophage colony stimulating factor (GM-CSF) or hVB 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
.chrmnosnma tnwslocation t ha t activates the IL3 nene> 
resulting in autocrine and paracrine orowth effects. 
© 1990 by The American Society of Hematology. 

16\6 mmol/L ammonium sulfate, 1.5 rnmol/L each dNTP and Tan 
polymerase (PerkfavElmcr, Norwalk, CT). U 

Segmenting. Secjiencmgwasdorieby cha^ 
vectors. " As part of tlussta^^ 
n>3prOTao^,coverr^ 

-1240 (with respect td the i>roposed siuTof tran^^ 

toan JVfte I site ai position —642. The plasmid containing this region 

was a 0ft from Naoko And of the DNAX Research Institute. 

Expression in Cost cells. A gerbmic IL-3 fragment from Case 1 
was cloned mtouwpXM expression vecto 

} ^mtnt containing the IL-3 gene was subebned from the 
Prcvfousry .described phage done 4 into pUC18* The US kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
tean^pdon start to tlie 5^ 

the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without inse^ 

cells by electropomnoa, and supernatant was collected after 48 
hours in culture. 

TP1 bioassay. TF-1 cells were passaged inRPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 nunol 
l-gmtamlne.and 1 ng/mL human GM-CSF." Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 uL volume of serial dilutions of 
patient serum was added to wells in a flat bottom 96-wcH microtitcr 
plate. Rat anti-cytoldne monoclonal antibody in a volume of 25 uL 
was added to appropriate wefls and preiiicubatediVl hoiirata^ 
Fifty microliters of twice washed TF-l cells were added to each well. 
. .giving a final cefl cc^esafratfcm^ 1 x. 10* cells per well (final 
.vofomo, 100 «L). The plate was incubated for 48 hours! The 
remaining cell viability was determined metaboUcally by the colori- 
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metric method oTMosniaun using a VMax micrctiter plate reader 
(*to|ecular Devices, MeuloPart, CA) set at 570 and 650 nmJ* 

Q*oftfee immunoassays. These assays used rat monodoaal 
"gqrofaa aitfbodies (10 i^/mL) to coat the wdbof a PVC 
mtoo^or-^ates The capture^ aujtfeodies used were BYD34G8, 
JES1-39D10, and BVM.23B6. for the 1L-3, 11^5, and GM-CSF 
5^25 l^f^S^' «» were then added- (undiluted and 
Stated 1:2 for 11^3, undiluted for It-5, and uwffiuted and dfluted 
nS for GM-CSF). The detecting mTrnunoreagents used were either 
mouse antiserum to IL-3 or iiitroiodophenyl (NI?>dcrivatizcd rat 
monoclonal antibodies JES1-5A2 and BVDZ-21C11. specific for. 
a^5and OK^CSF, respectively. Bound antibody was subsequently 
«**^w™fam^^ 

2rjS\^^i^lS?** anti-mouse Ig for IL-3, or HRP-labeled ret (J4 
MoAb) anti-NIP for IL-5 and GM-CSR The chromogenie sub- 
strate was 3-3'a2mo-bis-1>en2thiazoUne sulfonate (ABTS; Sigma* St 
Louis. MO). Unknown values were interpolated ftom standard 
curves prepared from dilutions of the recombinant factors using 

3 Mtad ^DeXs) ******** ^ VMA * micn> * >Iatc readcr 



RESULTS 

Lwikemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Htodm restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
, mately 14 kb was detected (data>not shown). When r4robed 
with either of two different n>3 probes, a rearranged 14 kb 



»mpl» aodfcd wu dona] ami ^rSJEf i**™"* 

chain reaction n>n»\ «—!rU Tr i ew> polymeraitt 
aii/JZ. i ' was used to done the translocation. 0 

amplified product In &*^ot7^^£^?™ 

^ssssasr * awrorimateiy 986 * 

ei^L 8, ^- nCe 5 t ? C translocation donefrom Case 2 
confirmed the joinutg of the Jh region with the promotoof 
Ac IL-3 geae fa a head-to-head configuration ^7 1 V 
Sequence analysis indicated that the breafcoX nn X 
some 14 was just upstream of the^McS ^ 
breakpoint on chromosome 5 oSref^fto uS^ ^ 

^^S^S ,mteti ' eN80q,,e,,6e ^"»>P^ 
Between chromosome 5 and chromoWil ia 
sequences during the translocation cvent" ''^^^ 
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ng». Rotatkm*hlp of chromo»omo 5 breakpoint* to tho IL-3 gono. Thi» figurs shorn th 8 tv«, ri~^ , 
tta . nonn.1 IL-3 9 „„e*» 0 n B breakpoint oXred at poaWon -462 a«^^„!!S^^^^ 
^.location. reaped h „ hoad-to-head Joining of tho loHgene and th B 0.-3 geno. ^Vi^l Z^L^ c}ro « m ««>«*; th^ 
nenetettet. Bexe, denote the flvelM exons: 4«rtetleI B iyme.sr. (B) «Jm MSuK^e^*'^ 00 ^^ 
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the locations of the two cloned breakpoints in relation to the 
JL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
normal IL-3 gene product was over-expressed as a result of 
the altered promoter structure. This would predict that the 
ILp3 gene on the translocated chromosome was capable of 
making IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the SV40 
promotor/enhancer in the Cos7 cell line. Cell supernatants 
were studied in a proliferation assay using the factor depen- 
dent erythjoleukernic cell line, TF-1. The supernatants' 
derived from transfections using the vector plus insert 
wipported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not shown). Furthermore, the Biologic activity could be 
blocked by an antibody to human H>3 (BVD3-6G8). This 
result showed that the translocated allele retained the ability 
to make EL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 23 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19 ^ 0 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and 11^5 CTable 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the BL-3 im mu no assay measured only immunoreac- 
twe factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, BU5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-EL-3 
MoAb (BVD3-6G8), but not with Mo Abs to IL-5 (JES1- 
39D10) or GM-CSF (BYD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correl ated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
eitljer ant^-IL-5 or anti-GJ^CSF^as consistent with the 
inability to measure theseTactors by Wunoassay and 



Table 1. Peripheral Blood Counts and Growth Factor Levels 

at Different Tlmoa in Case 2 

Sample Date 



Peripheral blood counts IceHs/jdJ 
WBC 

LymphoWasta 
Eosinophils 
Serum growth factor levels (pn/mU 
L-3 

GM-CSF 
tt-5 



11/18/83 1/16/84 3/14/84 



81,800 
0 

48,626 

* <444 
<16 
<50 



116,500 
33,766 
73,080 

7,996 
<16 
<60 



12,300 
0 
616 

1.051 
<16 
<60 



Peripheral blood cc^ts from 
the ccrrospcndlng growth W 

patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
hfe leukemic burden, 3 No serum samples were available for a similar 
analysis of Case 1. 
Abbrevlaflon: WBC, white blood cells. 
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that these otter myeloid growth factors were not 
detectably circulating in the serum of this patient 

DISCUSSION 

In this report, we have extended oar analysis of acute 
2??^ C , kukemU and eosiBO P hill a associated with the 
*S;14) trai^ttat In both cases we have stndled. We have 
lamented the joinuig of the 11,3 gene trtnnchr^c^omeS 
to the IgH gene from chromosome 14. The breakpoints on 
Jromwome 5 are within 500 bp of each otherTsug^ting 
fcat additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PCR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. . 

The finding of a disrupted IL-3 promoter associated with 
an otherwise normal IL-3 gene implied that this transloca- 

vZ^L^? 10 2? m « of * normal EL-3 gene 

product .In this work, we have documented that this is true, 
to addition, neither GM-CSFnor iL-5 areW-cxpresseX 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this fa the first measurement of human IL-3 
to serum and its association with a disease process. The 
measurement of serum f* 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer, 
associated *™*>>*** breakpoint suggests that itaactivt 
tion important for oncogenesis. It is our thesfr thmfnt 

aZZ^Z-j, ^ ****** IL-3 production that we ham 

^•SS^ l° Br mnst awaft a ^^mal datTfa 
P^cular.from the study of additional clinical sarnpSuft 
will be necessary to document that the IL-3 
present on- the leukemic cells and that an^IL-HnScd* 
decreases proliferation of the leukemia in vitro. * aaoww 
An important aspect of this work is the suggestion of a 

^^ n d ™ ted in this disease, atten^«X£ 
«tojulanng IL-3 levels or block the to tmction^£ 3 wfth 
its receptor mav mm hum n^. n „. 2.1. - "* 



th, costoophnu ^^r^z^z^ 

n™^' J?^^ %3, shX SertS 
maynmi^e this aspect of the disease. AntiborlliT^ 2 
en^d. Uganda to accomplish £ 
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c-erbB-2 (HEB-2/n6u) Oncogene 

Timothy P. Singleton and John & Strlckler 



The o-erfcB-2 oncogene was first shown to have cBnical significance in 1987 by 
Slamon et dj* who reported that oerAB-2 DNA amplification in breast carcino-. 
mas correlated with decreased survival in patients with metastasis to axillary 
ryxnph nodes. Subsequent studies, however, of o-er&Q4 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-eriB-2 activation, which has not been emphasized in 
recent reviews.^* The molecular biology of the c-erf>B-2 oncogene has been 
extensively reviewed*ww and will be discussed only briefly here. 



BACKGROUND 



The cyerfcB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. WW The c- 
was a human gene discovered by its homology to the retroviral gene v- 
0r*B.*«'"flER-2 was isolated by screening a human genomic DNA library for 
homology with v-erbB.** When the DNA sequences were determined subse- 
quently, c-erfcB-2 r HER-2, and neu were found to represent the same gene. 
Recently, the c-erfcB-2 oncogene also has been referred to as NGL. 

He C-0T&B-2 DNA is located on human chromosome 17q21«^ B8 and codes 
for e-erfeB-2 mRNA (4.6 kb), which translates **r&B-2 protein (pl85). This 
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protein is a norma} component of cytoplasmic membranes. The c-eriB-2 
oncogene is homologous with, but not identical to, c-erbB-l, which is located 
on chromosome 7 and codes for the epidermal growth factor reccptorA 10 *The c~ 
erbB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. 8 *"* Electron microscopy 
- With a polyclonal antibody detent s oerbB-2 iiTunimoreactivirv on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-vilbus outer cell 
membrane* 0 In normal cells, immunohfetochemical reactivity for c-*rhB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membranes 
brush border, 

There is experimental evidence that (yerb&-2 protein may be involved fa " 
the pathogenesis of breast neoplasia* Overproduction of otherwise normal o 
erbB-2 protein can transform a cell line into a malignant phenotype. 0 Also, 
when the neu bricbgene AntaJnlfifari activatirijf point mutation' is placed in 
transgenic mice with a strong promoter tor increased expression, the mice 
develop multiple independent mammary adenocarcinomas. 1 *** In other experi- 
ments, monoclonal antibodies against the neu protein inhibit the growth (in 
nude mice) of a netrtransfbrmed cell line,*"-* 8 and immunization of mice with 
neu protein protects them from subsequent tumor challenge with the neu* . 
transformed cell line. 1 * Some authors have speculated that the use of antago- 
nists for the unknown ligand could bo useful in future chemotherapy. 85 Further 
review of this experimental evidence beyond the scope of this article. 

The c-erfeB-2 activation most likely occurs at an early stage of neoplastic 
development This hypothesis is supported by the presence of oerbB-2 activa- 
tion in both in situ and invasive breast carcinomas. In addition, studies of 
metastatic breast carcinomas usually demonstrate uniform" c-eriB-2 activation 
at multiple sites in the same patient,"* 1 *' 3 *-* 1 ** although c-erbB-2 activation has 
rarely been detected in metastatic lesions but not in die primary tumQn ffr <<* m 
Even more rarely, c-eriB-2 DNA amplification has been detected in a primary 
breast carcinoma but not in its lymph node metastasis. 5 In patients who have 
bilateral breast neoplasms, both lesions have similar patterns ofc-erfeB-2 activa- 
tion, but only a few such cases have been studied.* 1 . 9 . 

MECHANISMS OF oer 6B-2 ACTIVATION 

The most common mechanism of oeri>B-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-erbB-2 mBNA and 
protein. MMMi The c-erbB : 2 amplification may stabilize the overproduction of 
mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-*r&B-2 amplification contain 2 to 40 times more c-erbB-2 DNA** and 4 to 
128 times more c-erhB-2 mHNA^ 80 than found in normal tissue. Most human 
breast carcinomas with c-er&B-2 amplification have 2 to 15 times more c-eriB-2 
DNA, lAimors with greater amplification tend to have greater overproduc- 
tion- 17 ^® The non-mammary neoplasms that have been studied tend to have 
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simitar levels of o-erhB-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

Toe second most common mechanism of c-eriB-2 activation is overproduc- 
tion of c-eriB-2 mRNA and protein without amplification of c*r&B-2 DNA. 81 
Hie quantities of mRNA and protein usually are less than those in amplified 

-cases^d^ajMippH^ 

tissues;*™** The MriB-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines.* 7 

Other rare mechanisms ofc-eriB-2 activation have been reported. Translo- 
cations involving the ch»*B-2 gerje have been described in a few Mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymojcphisms or inagnglete resfrfction en2yme digestions 
that roimic translocate 

brane portion of neu has been described in .rat neuroblastomas induced by 
e%!nitrosurea>« The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. Although there has been specular 
tidn that some of die amplified c-er&B-2 genes may contain point mutations,* 
none Has been detected in primary human neoplasms^xsw 

TECHNIQUES FOl) DETECTING c-erbB-2 ACTIVATION 
Detection of crertB-2 DNA Amplification 

Amplification of c-eriB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a c-erfcB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a oer&B-2 DNA probe. In both tech- 
niques, cserfrB-2 amplification Is quantified by comparing the intensity (mea- 
sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c*er£B-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
graded or diluted by DNA from stromal cells*" Second, the c-erfcB-2 DNA 
probe must be carefully chosen and labeled. For example, oligonucleotide e» 
er6B*2 probes may not be sensitive enough for measuring a low level ofc-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Third, the total amounts of DNA in the sample and control tissue 
must be compensated for/ often with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome IT, the location of cs 
er6B-2» to correct for possible alterations in chromosome number; Identical 
results, however, are obtained hy using control prohes to genes on other chro- 
mosomes, with rare exception." Studies using control probes to the beta- 
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globin gene must be inteipreted with caution, because one allele of this gene is 
deleted occasionally In breast carcinomas.* 

Amplification of c-er*B-2 DNA was assessed by using' the polymerase 
chain reaction (PCRJ.fa one recent study.* Oligoprimers for the c-er»B-2 gene 
and a control gen e are added to the sample's DNA, and PCR is performed. If 

SHmpte qata nn mm co pi M of 64tbb. i t DNA than of i hJ con t rol gene, tha - 
oerbB-2 DNA is replicated preferentially. 

Detection of e-erbB-2 mRNA Overproduction 

Overproduction of o-erfcB-2 mRNA usually is measured by RNA dot blot or 
Northern blot hybridization, Both techniques require extraction of RNA but 
otherwise are analogous to DNA dot blot and Southern blot hybridization. Use 
of PCR for detection of c*rfcB-2 mRNA hfflCbeen described fa two recent 
abstracts. 8 * 1 * 

. Overproduction ofc-erfcB-2 mRNA can be measured by In aHn hybridiza- 
tion. Sections are mounted on glass slides, treated with protease, hybridized 
with a radiolabeled probe, washed, treated with nuclease to remove unbound 
probe, and developed for autoradiography Silver grains are seen only over 
tumor cells mat overproduce c-srhB-2 mRNA. Negative control probes are 
usecLB.w.108 our experience indicates that these techniques arerelatively insensi- 
tive for detecting c-erbB-Z mRNA overproduction in routinely processed tis* 
sue. Although the sensitivity may be increased by modifications that allow, 
statuftaneotts detection of c-«r&B-2 DNA and mRNA, in situ hybridization soil 
is cumbersome and expensive (unpublished data). 

All of the above c-erhR-2 mRNA detection techniques have several prob- 
lems mat make them more difficult to perform man techniques for detecting 
DNA amplification. One major problem is the rapid degradation of RNA in 
tissue mat is not immediately frozen or fixed, to addition, during die detection 
procedure, RNA can be degraded by RNase; a ubiquitous enzyme, whteh must 
be eliminated meticulously from laboratory solutions. Third, control probes to 
genes that are uniformly expressed to the tissue of interest need to be carefully 
selected. *» - * 

Detection of c-erbB-2 Protein Overproduction 

The most accurate methods for detecting oerbB-2 protein overproduction are 
the Western blot method and immunopredpitation. Both techniques can docu- 
ment the binding specificity of various antibodies against c-erfcB-2 protein. In 
Western blot studies, protein Is extracted from the tissue, separated by electro- 
phoresis (according tosize), transferred to a membrane, and detectedby using an- 
tibodies to c-«rbB-2. In immunopreoipitation studies, antibodies against c-erhB- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western blot and 
hnmunoprecipitation are useful research tools but currently are not practical for" 
diagnostic pathology. Two recent abstracts have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-erfcB-2 protein. ** 
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Overproduction of o-«rfcB-2 protein is most commonly assessed by various 
Immun obistochemical techniques. These procedures, often generate conflicting 
results, which are explained at teast partially by three factors. Firsts various 
studies have used- different polyclonal and monoclonal antibodies. Because 
some polydonai antibodies recognize weak.bandb in addition to the c-erfcB-2 

protein baud on Western blol orinnnunopre^ _ 

studies should be interpreted with caution.****'* Even some monoclonal anti- 
bodies immunoprecipitate protein bands in addition to c-erbB-2 (pl85).*w» 
Second, tissue fixation contributes to variability between studies. R>r example, 
. som* antibodies detect oerbB-i protein only in frozen tissue and do. not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity, of 
immunohistochemicai methods and decreases the number of reactive ceHs.*w» 
When BouinVfistfiye is used, jhere inayJ» A}»^fi%pero^itage of positive 
cases.* Hiird, minimal criteria for interpreting immunohistochemkuil s taining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for oerfcB-2 activation in breast 
carcinoma, the number of positive cells find the staining intensity required to 
diagnose oer&B-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of cerbB-2 protein is not a problem because 
it can be detected In intact form more than 24 hours after tumor resection . 
without fixation or freezing. 64 

ACTIVATION OF oerbB-2 IN BREAST LESIONS 
Incidence of e-erbB-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification ofc-erfcB-2 DNA was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Iable 1), and 
oerbB-2 mftNA or protein overproduction was detected in 20.9 percent (666 of 
2714) &f invasive carcinomas in 20 studies. TWelve studies have documented <y 
: 'fcriBs2 mRNA or protein overproduction ih 15 percent (88 of 804) of carcinomas 
that lacked c-erbB-2 DNA amplification, 

lite incidence of c-erb&*2 activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have activation, as expected from die above 
data. Other variants of breast carcinoma with frequent oerbB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erbB-i activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular Carcinoma (7 percent, 1 of IS). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocaxtinoma in situ (68 percent, * — 
49 of 72). The micropapillary type of ductal carcinoma In situ also tends to have 
c-er6B-2 activation, 4 *** especially if larger cells are present. The greater fre- 
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quency of e-eri,&-2 protein overproduction In oomedooaroinoma in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the feet that 
many mfihrating ductal carcinomas arise from other types of intraductal card- 
aoma, which show c-erbB-2 activation mfrequentiy. Others have speculated 
rfnT <0 f to activation tend s to regress or to lose c- 

arbB-2 acovaUro during progresnon to mvasion.*w Infiltrating and fa situ 
components of ductal carcinoma, however, usually an similar with respect to c- 
«r*B-2 activation,*"* although some authors have noted more heterogeneity of 
the tamtinohistochemical staining pattern in invasive than in m slrtt cand- 
noma,«w*«e Activation of.c-*r6B-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma m situ, the 
er*B-2 protein i overproduction tends, to occur in the comedocaremoma in site 
but may include other areas ofsardnoma in.situ.*W» Overproduction af-c- - 
«*B-2 protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate.* 

- i ^ ctlv ^ on of «-"*B'* kas not been identified in benign breast lesions, 
mdudtag fibrocystic disease, fibroadenomas, and radial scars flable 2). Strong 
membrane immunohistochemical reactivity for c-erbB-2 has not been described 



has been noted infrequently.^^ fa normal breast tissue; (ww*B-2 DNA is 
diploid, and cerbB-2 is expressed at lower levels than in activated tumors. 54 - 35 .*^ 
These prelirainary data suggest that c-erfeB-2 activation may not be useful 
tor reserving many of the common problems to diagnostic surgical pathology. Fbr 
example, c-eriB-2 activation is infrequent in tubular carcinoma and radial scare. 
In addition, because o^rbB-2 activation is unusual in atypical ductalhyperplasia, 
cribriform carcinoma in situ, and papillary carciiioma in situ, detection of e-erbB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
nistotogiedfeaturesofamed wbJchconmwnry overproduces • 

o-firtB.2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2. 



fraggg ACTIVATION IN BENIGN HUMAN BREAST L|MWB 



. . CHV0B-2DNA Mf9B-3mRNA e-ej*B-2 Protein 

Hlmotog.calP.agnosls AmpWteatton. Overproduction OvwproduSton 

Fibrocystic disease (VI 0" _ 0/3&*0/9,«0/8» 

Atypical ductal hyperplasia _ _ 2{«wak)tt1,» 

Benian ductal hyperplasia - _ Ucytoptasmtoyia* 

j SclaroBlng adsnosla — „ 0/4J » 

J fibroadenomas M9*m,» 0/6»0/3» 0/21.»0/10,» 

Q/2,* 1 0/1" 0/8,»0/3« 

RarflaJ scare _ _ aap> - 

~ • Blunt duel adenosis — D/1*» 

"Breast maat oaiar _ y&t _ 

! *Bhtwn as number of cases with acfraUorVtomber of eases surfed; reference Is given as a superscript 

| . 

^ . — -- _ . 
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however, aoes fevor infltrating ductal carcinoma over toffltrating 
lobular carcinoma. Further studies of those issues would be useful 

S^rj?* Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to co nelatec-erbB-2 actftrnHm, uhh. various 
yku^bgie jprognostto factors flable^ ), Afftvationm^oaLa was cone TaIe<r 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was dot 
associated with c-erfrB-2 activation in most studies (11 of *0. Tetrapfoid DNA 
content and low proliferation, measured by Jfl-OT, have been suggested as 
prognostic actors and may correlate with'o*roB-2 activation,** 

Collation of c^erbB* Activation WHh CIlnlcaKPrognostle Factor, , 

Wrious studies have attempted also to correlate c-erfcB-2 activation with clinical 
features ti»at may predict a poor Outcome fftbje 4). Activation of ocrbB-2 
correlated with absence of estrogen receptors to 10 of 28 series and with ab- 
sence ^f progesterone receptors, in 6 of 18 series. In most studies, patient age 
did not correlate with c-eriB-2 activation, and. In the rest of the reports. e- 
erftB-2 activation was associated with either younger or older ages. 

Correlation of c-eroB-2 Activation With Patient Outcome 

Slamon et al*B first showed that amplification of the e-er&IM oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erfcB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
etal also reported that e-srhB-2 amplification is an Important prognostic indica- 
tor only in patients with lymph node metastasis. 1 * 81 

A large number of subsequent studies also attempted to correlate e-eriB-2 
activation with prognosis (Iable 5). In 12 series, there was a correlation be- 
tween c-erbB-2 activation and tumor recurrence or decreased survival, hi five 
of these series, the predictive value of c-srtB-2 activation was reported to be 
todepeHdent of other prognostic fectarsrln con trast, 18 series did aotconfirm 
the correlation of cerfcB-2 activation with recurrence or survival. lour possible 
explanations lor this controversy are discussed below. 

One problem is that c-erhB-2 amplification , correlates with prognosis 
mafady in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
«>er&B-2 activation with poor outcome. In contrast, most studies of patients 
without adhary metastasis have not demonstrated a correlation with patient 
outcome- Table 6 summarizes the studies in which all patients (with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-erfcB-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c-erfcB-2 activation has prognostic vahte only in patients 
with metastasis to lymph nodes. 
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^^2^mS P —** ACTWA7K>N ^ 0UTCOME » PATIENF8 



Number a! Patterns 



TV|»Gl MMartufbio 
— fr«f*W ftfflaiy 

Activation* Totgf lymph Nodes 



r~«o Statfctfcar 



<0.03 

<ao5 
<aw 
<aos 
<aos 

<G,05 

<aos 
<aos 

<0.05 

<0«05 

<0.05 

0*05-0.16 

0.08-0.15 

0.08-0.15 

>ais 

XM5 

>ais 

>0.1S 

>ai5 

>M6 
>0,15 

>ais 
>ai5 

>0.16 

>ai5 

>0>1S 
>0,15 
>0.15 



DNA 176 

DNA 61 

DNA 57 

DNA 41 

mRNA te 
Protein v~*?102 
ONA 
DNA 
DNA 
. DNA 
Prot*n-WB 



57 
188 

130 
122 
50 
57 
290 
195 
102 



DNA 
Protein 
Protein 
DNA 
DNA . 
DNA 
mRNA 
Protein 
Protein 
Protein 
Protein 
DNA 
DNA 
DNA 

Protetn»WB 
ProtelrvWB 
Protein 
Protein 



346 
120 
91 
86 
330 
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137 
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33 
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17 


141 
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«r*fui ^^Zl Zj£ T iunror ™ nwico 01 oecwasao «wwal or ootfv Corrotetfon between > 
*M - muHtvarlBta datetlcai analyst; U - univariate statistical anaJyala. 
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%pftu,mofflwfth 
lymph node 
melastasTBbi 
eschtfudy 



70- 



60- 



60. 



40- 



71 (DNA)» 



64{DNA)it« 



42(Pmtefo)» 



+ 



0.05<P<0.15 



64(mRNA)» 



58{ONA)m 
57 (DMA)™ 



46(Protetn)» 



Se f ond P"** 8 * 1 ^ that various types of breast canrfnoma are gnmned 
ffitSTYi?^ Because the current lite^toe .uggSX* 
^tfnL Sr 5 , 1 ?t qnent W cardno ^ studies thar^mbSe 

Sl^if S - ™ d J kbl t r nuy dilute the prognostio efiect ofo! 

noJfA^f md hM a r rae pn>gnosis *» *• usual mammary card- 
noma, but It Is an uncommon lesion. 

o^fela^^rt? 1 , b *° paudty rf 8tttdl « *■* att«»Pt to correlate 
*HVM-S activation with clinical outcome in subsets of breast carctaoma without 

metastasis who had various risk factors for recurrence (such as large tumor ste 
and absence of estrogen receptors), c*rhB-2 ovorexpression^dS TeaS 
recurrence.^ patients with ductal carcinoma in ato, one study found 
no association between tumor recurrence and activation" 

corrl^X^ Jr 18 Sf ^ rf "B"*^ wheth «- me prognosis 
correlates better with c^rfcB-2 DNA amplification or with mRNA or uroteS 
overproduction. Most studies that find a correlation betwee™ ^2 ™uvt 
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Uon and poor padent outcome measure c*rhB-2 DNA amoUfWw* dvu - 

tte omyc gene is often activated In breast Mm t nAn ,<.. ITS: 

Tl»e gene e-«rhB-l &r the epidermal growth {actor rewntor fRrwirt ^ 
aSmTcSS^S^ hDWBVer ' occn " morefreqaendythan^pE^n 



amp^«iion of o^r&B-S and*erfrB-l oroverproducttonof o^B-2andRGSB 

^--^l^^T EGFR * carcinoma, aw» 

W «5 *f*AaiuWl are Iwmologmu to the thyroid homonerece^ 
tor, and ftey allocated adjacent ttf&arfcRS on «hromo*Ze 17^««^!!l 

E fce^^^r'* 0 -! * ^^ri^fren^Tf 
fcmEriTES?^ iabw^cMcboma,, however, is evidence agafast an to wr- 
JSw ? b ®£f to breast ne °P Iask " Amplification of e^r&SSnSS 
SEttS? and fcese tumors have a decreased 

c-erhB-2 amplication seems to be more important than amphficattonoWhA 
ra . 0ther Senes also have been compared with c-eroB-2 activation in breast 

LdTr^rLS b / / ^ phteie, is ved 
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ACTIVATION OF c-orf>B-2 IN NON-MAMMARY TISSUES 

Jdde«»ofc^rtB.2ActhraHonlnNoivMdmmtiyTtesue8 

Table 7 summarizes the normal tissues In which oerbB-2 expression has been 
d etected, usu ally with inun unohistochemical methods using polyclonal antt- 



TlswieaWtth 
oe/bB-2 
mRNA 



SWrfM 



. Stomach^ 

Jejunum" 

Colon* 

Kidney* 



Uver« 



Lung* 



Fetal brain* 

Thyroid' 
Uterus* 



Placenta* 



Ttofflie* Producing Tfcsuee Lacking 
eybM Protein? o-*rf>&4mRNA 



Tlsm»Uc|dng 



Etyddrmte* 
External root eheaJh^ 
B6ortnaswda4glaiTtf» 
Fotal oral mucosa* 
FttafeGophagus* 
Stanach"* . 
Fetal Intestine* 2 * 
Small lrrtest!ne»* 

Fetal Wdney» 



KMneyai" 



Fetal proximal tubule" 
Dbia] tubule" 
Fetal collecting duct" 
Fetal renal pelvis 6 * 
Fetal ureter" 
Hepatocytes" 
Pancreatic adnF* 
Pancreafio ductal 
EmJocrirm ceDa of klets 

otLai>geftians» 
Fetal trachea* 

Fetal bronchioles" *~ 7 *>+^ : * 
Bronchioles* 



Fetal ganglion celts" 



Ovary 11 
Blood veaaate* 



Postnatal oral mucosa" 
Postnatal esophagus* 



Qtornenilus? 

PoatnalaJ Bowman's capsule* 
Postnatal proximal tubule 68 

PoatnalaJ collecting dud" 
Postnasal renal peMe" 
Postnatal total ureter" 
Liver** 



PajKreattottetft" 

Postnatal trachea" 
Posmalalbrt)nchJolea« 

Postnatal aJveok*^ 
Postnatal brain" 
Postnatal gangQbn cells" 



Endothelium" 

Adrenooonloaicens" 
Postnatal thymus" 
Fibroblasts 6 * 
Smooth muscle cells" 
Cardiac muscle celts* 



'This protein study used Western blob; the test used IminunoWatochemteal method* 
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bodies. Only a few studies have been performed, and some of these do ««f 
demons^ convincing cell membr^ reactivity in STJuuSH S£ 
japhs. Tie faterpretetioa. in these stndies, however «TlbS WiS £ 

W0t *' Pn>4nCtl0Q of bas been identified fa nbnn3 

' ES^ir^ gw faofat^tntf tra ct and n.^ p n rfr ^ "XTT 

swStaS* 1 ° a ^^ 2 acHva » toa > vartons non-mammary neoplasm, 
■ h^lSS 815 ™^^ CaUtton ' k**™ only smaHnrunW* tnanSSS 

Wtag cell line. hav. been excluded, beeanso cell culture can 

Belial mab^nandea. Another report showed that 12 percent of ovarii 
^r«bad overproduction without amplmcattaT^ 

m,*if!^!l5 Mr * Br2 1188 been identified in 20 percent (40 of 198) of 
g-stric adenocarcinomas in seven studies, including 33%eroent (21 of M) of 

TABLE b. frartjM ACTIVATION IN HUMAN BYWHCOLOfiaC TUMORS' 

c-er6B-2 e-e/flB-2 
raRNA. Protein 

w . «roa«DMA over- . Over- 

— Tumor Type Amplification production production 

^^dnorna.ootofterwtea avw*W 

• 02.WO/1IW 

Ovary— ssrous (papniaiy) carcinoma 2^,«M/7>07B" — 

l0 «V--«KioTOrtrWaWlnonia--^ Qfcrw ~«* r . -« ^ .. • - ^ . 

Ovaiy— mudncuaearetnoma lo.i»o/t* _ ~ 

Ovary— clear caH carcinoma a«,««o/i» _ _ 

Ovary— mixad eptthellal carcinoma o/z* ' _ 

Ovary— endometrioid borderttaiMumor o/1" _ _ 

Ovary— mucinous borderline tumor q/3» — 

Ovary— aorous cyatadenoma om» _ _ 

Ovary— muctnoua cyatadenoma q/2» — • 

Ovary— sclerosing stromal lumor q/1« _ 

Ovary— flbrottiecoma o^h _ _ 

Utenjs— endometrial adenocarcinoma <V4,«(V1«« — 
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™5^^S^?*^ and9 » eic « SBl ( 4 rf47) of diffuse or signet rinicell 
»btyp«Cftble9). Acttvatton of o«rftU has bee, detected £^?<Tof 

y n!^ ^f1T iB ; S Pr ° tein * seven of eight toue* fixed in Bouta?»E 
StSfaift.*? 4 ^ ^r^tochenjcal reactivity KSS 

"dngBoJn s fiat^ Leskms with anapkstteibatuies andprogre^o^oi^ 
^^^ndedtoshowd^ 

some of these ^positive" cases showed only diffuse cytoplasm* ai^wiS 



TUmorTypa 



o+rbB~2 DNA 
Aropftflcaffoft 



Protein 



production 



E^hagii8-«|uamou3 eel carcinoma 
Stomach ^«tt^^ poorly tffferemlatsd 
Stomach — adenocarcinoma 

Stomach-H^rtoma, Intestinal or tubular typa 
Blomaoh— oarrfnomas diffuse or eJgne* ring cetl typo 
ColDTBCturn^carcrnoma 



Colon— vIUoub adenoma 
Coter»~tiibuJovgioua adenoma 
Colon— tiAuter Adenoma' 
Coton—hypenplastto polyp 
tote^na^elomyosarc^ma 
Hepatocellular carcinoma — * > 
Hepatoblastoma 
Cholanglocarcstoma 
ParKreao^defwoarclnorna 
Pancreas— aolnar carcinoma 
Pancreas— dear eel) carcinoma 
Pancreas— targe cell carcinoma , 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 



0^1 tor 
0/22*" 

2«4,"2ftw 28,111 

6/10*» 
(V21M 

2/43 t w i/46,1" 

0/40,« 0/32™ Q73» 
0/1» 

0V5» 

0V7» 

an* 

<V1» 



0V1« 

4/45» 



19/18** 

a/1* 

46/03* 

0/2" 

Q/14«? 



^Ttssuwi teed In Boum-e solution, 

c OnJy cases wttn olstihet membrane staining are Inlarpreted aa showing werproduclten. 
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TABU* 1ft. frerbB-2 ACTIVATION FN HUMAN PULMONARY TUMORS' 



Ttonwriypo 

NoTwmancelJcartinoma 

Adw«caicfcwma* 

SmalceB carcinoma 
^ar^nokj tumor 

•awwneanjmbarofe 



c^fbMDMA 
Arop ttflcatlon 

"IV 13," 0/1 U^ Q7W» 

Qfci," i/i3i» uV7,™ on** oqw 

(VI" 



C-er*>B*2 
• Protein 
^Owgr oduoUoR 

1/84» 



4/12* 



• . * *■*■*■» . 

S^S^2? y ^"fMP^ to ad<*i«on to the rare caseotWet 
atic adenocarcinoma with distinct cell membrane staining." OT P««w- 

n^W,? ^^^ Wsuminariza the studies oiW&B-2 activation la odier 

a2v^ ^ C tS?? ° l nC ° ge J ie fe 001 activated in mo* of these tonS? 

^ B ^,^ U o carBfa0ma » to »ine studies, although one additional™? 

^ production iu 41 pereeTfr of 17). RenTceZS 

Crf^S 2 7 ^(2of30) in feur studies. Ove^rooW 

SS^^J?* 2 Pr ° te J in ^ d ^ cribed to 0ne *nmiHtowi ceD carelnomVof S£ 

3hZ2^T 5*5 ,eston - B ^cardnonoaandhS 

cen carcinoma of the skin may contain c^riB-2 protein, but it Is not clear 

TABU511 - ACnVATOW IW HUMAN HEMATOLOGY PROLIFER ATWitu 



Tumor Type 



o«i»MDNA ^ 
AmplffleaHon 


-•■«* - 

production 


e-erftB* 
PreWn 

production 


0V23™ 








Q/V 


0/15* 


ft/14* 




0/1 w 
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Mangnant lymphoma 
Acute leukemia 
Acute lymphoblastic leukemia 
Acute' myeloblast!* leukemia 
Chronic leukemia 
Chronic lymphocytic leukemia 
Chrotfo myelogenous leukemia 
Myeloproliferative disorde r 
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TABLE 12, frer&B-a ACTIVATION IN HUMAN TUMORS OP SOPT TISSUE AND BONE* 
TtanorTypa 



. Ppoaarcoma 
Weoawphiofiarooma 
fthiabdoniyosarcoma 
Oateo0onlo sarcoma ' 
CtKjndrosarcoma 
Bang's oajcoma 
Schwannoma 



wrJbMDNA 
AmptWcalten. 

0/1 W 0/B w 
-fitt!* \ 



onto 
<yi w 



^^^AcMvaHon With Patient Outcome 

W*y few studies have attempted to correlate oerfcB-2 activation in mm: 
mammary tumors with outcome, SlamonetaP' showed that^MamnlS: 
£»Qr ^erexpression in ovarian carcinomas correlate, S aS^SS? 
^is^W^activationis present. However, they ad^H^S 
tS SSn^w ^gieal subtype of these neoplasmsTScr 
study of stages III and IV ovarian carcinomas found a correlation betaZI 
debased I survival and c-eriB-2 protein overproduction, b^n^L.^^ 

rintmunoihisto- 




TABLE 13. 



+WbB>2 ACTIVATION IN HUMAN TUMORS OF THE URINARY 



TRACT* 



Tumor Type 



Ktoney— renal cell carcinoma 
Wilms' tumor 

Prostate— adenocarcinoma 
Urinary bladder^anrfnoma 



CW5B-2 DMA 
Ampflflcailon 



mRMA 
Ove> 
production 



o*r*B-2 
Protein . 
Oveiw 
production 
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TABLE U c*grftB"2 ACTIVATIOM IM MISCELLANEOUS HUMAH TUMORS* 



_ DMA 
TWTVp* Amplification 

-SWn— maBgnantmelafloma 

Skin, head and nock— squamous q/tiw 
cej carcinoma * 



Protein 

C*r*B-2mBNA Ov«w 
Overprociuotlon producbon 



SRb not 6tBtsd^squamou8 ceB 
carcinoma 



carcinoma 
■Thyio»-ana|^^ 
"n^W-papltary paidnoma 
Thywkl^iddfHJcardnoma 

NBuroWaatoma 
Meningioma 



(V5> 
<V2f 



Art' • ~ ~ 
30owtoveJ3V5« 

1(towfeveto)/2i 



other neoplasms are needed * ***** rf ? Varittn «*«»■■ arid 



SUMMARY 

A^ttoa of the c-erAB-2 oncogene can occur by amplification of c-«*iu« 
DNA and by overproduction of c-«r£B-2 mRNA and wEnr^^ i L? 

Xrtj IRS* W Primarfl y ta with metaST £ 

SnjJtte Studies that have attetrrpted to eorrebte o*b£*i£Z 

«on with other prognostic feetors m breast carcinoma have renorted ZlS^ 
condusioos The pathologic and clinical sigoZnei o^eXT^Zn i 
^er neoplasms is unclear and should be ad^^ ^ * 
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DECLARATION OF PAUL POLARIS, Ph.O.. - 
I, Paid Polakis, Ph,D., declare and say as follows: , 
1. Iwas awarded la PkD. by the Department of Biochemistry of the Michigan 

^^r 3 °TtP^ Ch . ™ 19 "> ° ne 0f my W™* responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3 As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells 
The purpose of this research is to identify proteinsthat are abundantly expressed 
on certam tumor cells and that are either (i) not pressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
protems^or antigen proteins". When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and btads to that protein 
Such an antibody finds use in the diagnosis of human cancer andmay ultimately 
serve as an effective therapeutic m me treatment of human cancer. 

4. . J^toecoureeof me research c^^^ 

Project, we have employed a variety of scientific techniques for detecting and' 
studymg differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such 
■ technique is the well known and widely used, technique of microarray analysis ■ ' 
whjefa has^proven to be extremely useful for the identification of mRNA molecules 
mat are differentially expressed in one tissue or cell type relative to another In the 
course of our research using microairay analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than m o>rresponding normal human cells. To date we 
have generated antibodies that bind to about 30 of the tumor antigen proteins ' ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins m both human cancer cells and corresponding normal cells We 
have then compared the levels of mRNA and piotein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein, expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes*] T the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our . 
observations we have found that increases in the level of a particular toRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my . 
knowledge of the relevant scientific literature, it is my considered scientific 

. opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically, correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
. corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is. my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare thatall statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
arid further that these statements were made with the knowledge that willful felse 
statements and the like so made are punishable by fine or imprijsonment, or both, 
under Section 1001 of Title 18 ofthe United States Code arid that such wiHful 
statements may jeopardize the validity ofthe application or any patent issued 
thereon. 
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^nacts.If these minor cell proteins differ among cells to the same extent as the 
?fflore abundant proteins, as is commonly assumed, only a small number of pro- 
nto differences (perhaps several hundred) suffice to create very large differences 
• — r ™ A behavior. 



A Cell Can Change the Expression of Its Genes 
In Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
their patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longer pr esent > the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In tat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
ageneral feature of cell specializations-different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 4 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scriptional control), (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(franslational control), (5) selectively destabilizing certain mRNA molecules in 
toe cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
Because, of all the possible control points illustrated in Figure 9-2, only transcrip- 
tional control ensures that no superfluous intermediates are synthesized. In the 




|?D5cHptional 
^ohtrol- 



^Overvi, 



«w of Gene Control 



Figure 9-2 Six steps at which 
eucaryote gene expression can be 
controlled* Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
activation or inactivation by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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following sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation of RNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins 5 

How does a cell determine which ofits thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 

Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics 6 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in protfeins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 




Figure 9-3 Double-helical structure 
of DNA. The major and minor grooves 
on the outside of the double helix, are 
indicated. The atoms are colored as 
follows: carbon, dark blue; nitrogen 
light blue; hydrogen, white; oxygen. 
red; phosphorus, yellow. 
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Figure 9-71 A mechanism to explain 
both the marked deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes, A 
black line marks the location of an 
unmethylated CG dinucleotide in the 
DNA sequence, while a red line marks 
the location of a methylated CG 
dinucleotide. 
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Summary 

the many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
cialized animal cells can maintain their unique character when grown in culture, the 
gene regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rector indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver- 
tebrates DNA methylatipn also plays a part, mainly as a device to reinforce decisions 
about gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
form of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the amount of gene product that is made. Al- 
though these posttranscriptional controls, which operate after RNA polymerase 
nas bound to the gene's promoter and begun RNA synthesis, are less common 
"^transcriptional control, fox many genes they are crucial. It seems that every 
step in gene expression that could.be controlled in principle is likely to be regu- 
lated under some circumstances for some genes. 

We consider the varieties of posttranscriptional regulation in temporal or- 
% according to the sequence of events that might be experienced by an RNA 
m olecule after its transcription has begun (Figure 9-72) . 
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Figure 6-3 Genes can be expressed 
with different efficiencies. Gene A Is 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of protein A in die cell to be 
much greater than that of protein B. 
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FROM DNATO RNA 

Transcription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA. copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency; alio wing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover; as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNAnucieotide sequence— a gene— into an 
. RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is soil written in essentially the same language as it is in DNA — 
the language of a nucleotide sequence Hence the name transcription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
summits linked together by phosphodiester bonds (Figure £-4). It differs from 
DNA chemically in two 4 respects; (1) the nucleotides in RNA are 
ribonucleotides— that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deojryribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (Q, it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like X can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6). As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 

Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-89 Protein aggregates that cause human disease. (A) Schematic Illustration of the type of 
conformational change En a protein that produces material for a cross-beta filament. (B) Diagram Illustrating 
the self-infections nature of the protein aggregation that Is central to prion diseases. PrP Is highly unusual 
because the mkfblded version of the protein, called PrP*, Induces the normal PrP protein It contacts' to 
change Its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that Is especially prone to aggregation, but because this structure Is 
not Infectious In this way; it cannot spread from one animal to another. (Q Drawing of a cross-beta filament, 
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases. 
Because the hydrogen-bond interactions In a ji sheet form between polypeptide backbone atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP* showing the likely change of two a-heHces Into four 
P-stj-ands. Although the structure of the normal protein has been determined accurately, the structure of the 
infectious form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpen, adapted from M. Sunde et al r JL Mot. Bid 273:729-739, 
1997; D, adapted from S.B. Prusiner, Trends Bfocnem. So'. 21:482-487, 1996.) 

animals and humans, it can be dangerous to eat the tissues of animals mat con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease") from cattle to humans in Great Britain. 

Fortunately, in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance" observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so for in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed. 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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ure 6-90) could be regulated by the cell for each individual protein. However, as 
- we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expres sion of each of its genes . This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step— the transcription of its DNA sequence into an RNA 
molecule. 

Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a targe ribonudeopro tein assembly catted a ribosome. The 
amino adds used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

Ib initiate translation, a small rtbosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule, A 
large rfbosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs—each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA antkodon, Each amino add is added to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 



Rgure 6-90 The production of a 
protein by a eucaryotlc cell. The final 
level of each protein in a eucaryotlc cell 
depends upon the efficiency of each step 
depicted 
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Rguws 7-5 Six steps at which 
eucaryotic gene expression can be 
controlled. Controls that operate at 
steps 1 through 5 are discussed in this 
chapter. Step 6, the regulation of protein 
activity, Includes reversible activation or 
inactivadon by protein phosphorylation' 
(discussed in Chapter 3) as well as 
Irreversible Inactivation by proteolytic 
degradation (discussed in Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to UNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1] controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by rfbosomes (translarional control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) [Figure 7-5). 

For most genes transcriptional controls are paramount This makes sense 
because, of aH the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 



Summary 

The genome of a cell contains in its Dm sequence the information to make many 
thousands of different protein and UNA molecules. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment such as signals 
from other cells. Although uU of the steps involved in expressing a gene can in prin- 
ciple be regulated, for most genes the initiation of RNA transcription is the most 
. important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
trolled by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
by a singe signal Many others are complex and act as tiny microprocessors, 
responding to a variety of signals that they interpret and integrate to switch the 
ighboring gene on or off. Whether complex or simple, these switching devices 
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occur in (he genu line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deamination events 
that were nbt properly repaired However promoters of genes that remain active 
in the germ cell lineages ' (including most housekeeping genes) are kept 
unmethylated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired Such regions are preserved in modern day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the * 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes* The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely, thro ugh mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory medianisms 
involved in creating them must be stable once established and heritable when the 
cdl divides. These features endow me ceU vMi a memory of its developmental history, 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other; th is can create a flip-flop switch that switches a ceU between two alternative 
patterns of gene expression. Director indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism far cell memory. Negative feedback loops with programmed delays farm the 
basis far cellular clocks. 
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of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regulation of many genes. 

M addition to diffusible gene regulatory proteins, inherited states of chromatin 



dally dramatic case is the inactivation of an entire X chromosome in female mam- 
w^hL Tn uprtohrrttv* jin a v»*>fhx,r n ^ n also functions in Rene regulation, beine used 



mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylaUon also underlies me phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
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Figure 7-86 A mechanism to explain 
both the marked overall deficiency 
of? OG sequences and their clustering 
Into €<S islands In vertebrate 
genomes* A black fine marks the location 
of a CG dJnudeotide in the DNA 
sequence, while a red M loIIIpop w Indicates 
the presence of a methyl group on the 
CG dmudeotlde. CG sequences that lie In 
regulator/ sequences of genes that are 
transcribed m germ cells are unmethylated 
and therefore tend to be retained In 
evolution. Methylated CG sequences, on 
the ofher hand, tend to be test through 
deambiadon of 5-methyJ C to T unless the 
CG sequence is critical for survival 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only -a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
die amount of gene product that is made. Although these pdjsttraesciriptioiaaJl 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control for 
many genes they are crucial 



POSTTRANSCRIFTIONAL CONTROLS 



435 



EXHIBIT 8 



CHAPTER 29 



Regulation of transcription 



A* phenoiypic dilTefrnces tlwi distinguish the 
cnn'ons kiiuls or it* lis in a higher eufcnr yute are 
largely due to* flUTrm ires in the expression of* 
^mcs that code fnr proteins, thnl is. those tran- 
scribed by R.N A polymerase II. lit principle, the 
impression of these genes might he regulated at 
an y one or several stages. The conrepi or the 
'level or control" implies that gene expression 
' is ool necessarily an automatic process once U 
Uas begun. If could he regulated In' a gene* 
jpeelflc way al any one or several sequential 
jlcps- U'e can distinguish (ni tenst) fire poten- 
tial control points, funning the series: 

Activation of gene siruruirr 
i 

'Inilialion of transrripii'on 
1 

Processing the tmnmipj 

Transport lo cytoplasm 
i 

Translation of mRNA 

Tlie exfSleore of the firsl Mrp is implied by 
the discovery Hurt genes winy exist In ellber of 
tw> structural conditions, HeinHvc to the state 
nf most of ihe genome, genes ore found in 
mi "active* stale in ihe cells In which they 
are expressed (see Chapter 27). Tlie change ot 
structure is. disUnct Chun ihe act of transcrip. 
Hon, and indicates (hat Ihe gene is "transcribe 
able." This suggests that acquisition of tbe 
"active* structure must be the first step in gene 
Mpression. 

transcription of a gene in the active stale is 



controlled at the stage of initiation, that Is. by 
the interaction of UNA polymerase vvith Us pro- 
moter. This Is now becoming susceptible to 
analysis tu (lie Ut nV/x» systems \srr Chapter 
*8). For most genes; this is a major control 
point: probably it is the most common level of 
regulation. 

There is at present no evidence for control 
at subsequent stages of transcription in eutary- 
olic cells, for example- via anlilermlnaUon 
mechanisms. 

Tbe primary transcript Is modified by copping 
at ibe S* end. and usually also by potyadenyla* 
lion at the 3' end. tntrons must 1k spliced out 
Irum ihe transcripts of liucmipted genes. Tlie 
mature ANA must be exported Tram the nucleus 
to tfie cytoplasm. Reputation or gene expression 
by selection «r sequences at the level or nuclear 
UNA might invoke any or all o[ these stages, 
but the one for which we have most evidence 
concerns changes in splicing! some genes are 
expressed by means of ntteruniive splicing pat- 
terns ivhusv regulation controls the type of pro- 
tein product (see Chapter so). 

Finally, the jronslntlnn of au mRNA In the cyto- 
plasm can lie specifically controlled. There is little 
evidence for Ihe employment of this mechanism in 
adult somatic cells. bu| H does occur In some 
embryonic situations, as ttacrilied In 'Chapter 
-The mechanism is presumed to involve the block- 
ing or Initiation of translation or some mrVNAs by 
specific protein factors. 

But having acknowledged thai control of gene 
expression can occur at multiple singes, and 
that production of UNA cannot inevitably be 
equated whh production of protein, it Is clear 
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that the ovenvhelming ' majority or regulator 
. events occur at the initiation of transcription. 
Regulation gr ttssiie-specMc gene transcription 
lies al the heart or eukaryotic differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins lhat regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves lo provide 



common control of a large number or .utrgei 
genes, and we seek to answer two questions 
about this mode of regulation: wha,i identifies 
the common target genes to the transcription 
factor, and how is the activity of the transcrip- 
tion factor its e if regulated in response to burin, 
sic or extrinsic signals? 



ttesponse elements idenliiy genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
they share a promoter clement that is recognized 
by o regnlaiorj' transcription factor. An element 
that causes 4 gene to respond to such a factor 
is called a 'response element; examples are the 
HSE (heat shock response element), GBE 
(glucocorticoid response clement), SHE (scrum 
response element). 

The properties oT some inducible transcription 
factors and the elements that they recognize are 
summarized in. Table 29,1. Response elements 
have the same genera! characterislics as 
upstream elements oT promoters or enhancers. 
They contain short consensus sequences, and 
copies or the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily Identical. The region bound by the factor 
extends for- a short distance on either side of 



Table 29.1 lndijci*j!e'lfanscf:pi.on feelers bind ic 
response clumsnls that iric-nt.fy Qfcups cl ntomclers 
or cnrKincsrsELfcjeet iDcocdino:-:? ccrifd. 



Reeutsttiy Agent Modula Consensus 



Factor 



HSE 
GBE 

Pnocbotosttf TOE 
SflE 



CHNGAANNTCCNNG HSTF 

TGQTACAAATGTTC7 Btceptor 

TGACTCA API 

CCATATTAGG SRF 



the consensus sequence, in promoters, the «lf 
ments are not present at Axed distances from 
the siartpoint, but' are usually <200 bp upstream 
or 11. The presence or a single element usual!? 
is sufilciem to confer the- regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in pro- 
moters or in enhancers. Some types oT elements 
are typically round in one rather than the otter, 
usually an HSE Is round in a promoter, *bil* * 
CK£ is round in an enhancer. We assume ft* 
all response elements function by the 
general principle. A gene is regulated to' " 
sequence at die promoter or enhancer (hat # 
recognized by a specific prolan. The proM' 
/Unctions as a transcription factor needed P 
MA. polymerase to initiate.' Active protein * 
available only under conditions when the. P 
to be expressed; its absence means (hot th* 



morer- is not activated by this particular 



An example of a situation in which o> ^ 
genes are controlled by a single factor & J* 
vided by the heat shock response. This & ^ 
mo.n lo a wide range or proknryotes * ^ 
eufcaryoles and Involves multiple conir** ^ 
gene expression; an increase in temp er9 cJj 
turns off transcription of some genes. iatn * f rf 
iranscriptlon or the heat shock 6 eneS, RjVi t<. 
causes changes in the translation of 
The control or the heat shock genes III*"* ^ 
the differences between prokaryo** ^ 
eukaryotlc modes or control. In. bacteria, * ^\ 
sigma factor is synthesized that d^^rf 
polymerase hoioerrzyme to recognize a*- 
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Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly-6 family of 
glycosylphosphatidylinositol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissuesi including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semiquantitatively scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then .compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN, PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGPIN and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of 1 1 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05, respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < 0.05, respectively). In addition. IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively with prostate carcinogenesis. PSCA protein overexpression results from up regulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China. Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea. 

Reiter RE et al [1] reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of the Thy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in situ hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH, 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
um sections and mounted on the glass slides specific for 
IHC and ISH respectively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score (2). 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures [3,4]. 

Immunohistochemicat (IHC) analysis 

Briefly, tissue sections were deparaffinized, dehydrated, 
and subjected to microwaving in 10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1:100 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 

Five-nm-thick tissue sections were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% citric acid) for 20 min at 37.5 °C, and further proc- 
essed for ISH. Digoxigenin-Iabeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48 °C 
overnight. The posthybridization wash with a high strin- 
gency was performed sequentially at 37 °C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 x SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anti-digoxigenin antibody at 
37.5 °C for 1 h followed by washing in 1 x PBS for 20 min 
at room temperature, and then to strepavidin-peroxidase 
at 37.5°C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Table I : Correlation of P5CA expression with Gleason score 



Intensity * frequency 



Gleason score 



0-6 {%) 



9(%) 



2-4 
5-7 
8-I0 



5(83) 
19(79) 
5(28) 



1(17) 
5(21) 
13(72) 



Table 2: Correlation of PSCA expression with clinical stage 



Intensity * frequency 



Tumor stage 



0-6 (%) 



9(%) 



SB 

2>C 



27 (67.5) 
2(25) 



13(323) 
6(75) 



terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunosiaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by 1HC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
ently experienced urologicai pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquantitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0/ no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 * posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
(1,5). In this way, we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those that had diffuse areas of increased staining [6]. The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's C-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant 

Results 

PSCA expression in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression In PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA (£2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PIN 
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands, 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gieason score in Pea 

Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gieason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gieason score as 2-4 scores = well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores = poor-differentiation [7]. Seventy-two percent of 
Gieason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gieason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage In Pea 

With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significandy with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (1 8/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure I 

Representatives of PSCA IHC and ISH staining in Pea (A, IHC staining, B. ISH staining, *200 magnification). A,, B,: negative con* 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back- 
ground staining. A 2 , Bj: a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) in all malignant cells; A 2 : IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A 3 , B 3 : a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in all malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts 
(LAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment In this study, 
1HC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
et al [ 1], using ISH analysis, reported that 97 of 1 18 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P et al 18]. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
cell sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9]. Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [5]. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade (i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al [9], who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
(10], in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et al 
[11] used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PCR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al [12] reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 [1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis [13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17], Reiter 
RE et al [ 1 8) reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty), demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu Z 
et al [9] recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [18]. Watabe T et al |19] reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) [20], Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21). Thy-1 is involved in T cell activation and transducts 
signals through src-like tyrosine kinases [22]. Ly-6 genes 
have been implicated both in tumorigenesis and in cell- 
cell adhesion [23-25]. Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-positive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGP1N through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

Tr&fflstattiOTQ boHfcrtlon Us magylstafl fci inesporos© to 
mirOrtenS qvall&bfflfy mil mKo©eot5c sfflrnailaritoBi and lb 
coaaplecO wftfltf ©sfl cycl© pirofipssston and <ce5l ©rotsriSn 
Several aSterarfHoDis int fewwllatilonall cojrtoof occur Dm 
cancer, Var3esit onlftMA sequences cm after Hto& 
trwstefiiSoBiei) eMcfesmq; of flruMdue!] uniKMA molecules, 
wlfoldh M .taro pSay a (role In cancer blofi^ Changes flm 
th® ©npinassIloBii or avsfcblHy off co8ttpmt3nri& 0? the 
tociJsMSoin!E3 msicfrtaeiry md Dim fa® scfltaiSon o? 

tad to mom giiobal cfosw«ji©Sp suc&t ©3 cid Ercareae© In 
to ovetrsBl rafts off pytsfesto syssiSte&gSs ©iresfl toBflfctottoffjal 
acGUvstaD ©ff Uto mlRIGW rrcofesonSes bnnfotedl 0m ceSfl 

pytefe!©© o? tansferStemS (WwtQroU, fifa© ©tersflooT© 
em^aantosd to cotcc^ and ssW tarapfos 
to^fcg fcansiation InKfaHoau to help <s?uc9&tte new 
tfoerapeuaSe oveiraues. 

The fundamental principle of molecular therapeutics In can- 
cer Is to exploit the differences In gene expression between 
cancer cells and normal cells. With the advent of cDNA array 
technology, most efforts have concentrated on Identifying 
differences In gene expression at the level of mRNA, which 
can be attributable either to DMA amplification or to differ- 
ences In transcription. Gene expression Is quite complicated, 
however, and Is also regulated at the level of mRNA stability, 
mRNA translation, and protein stability. 

The power of transitional regulation has been best recog- 
nized among developmental biologists, because transcription 
does not occur In early embryogenesls In eukaryotes. For ex- 
ample, in Xenopus, the period of transcriptional quiescence 
continues unta the embryo reaches mldblastula transition, the 
4000-ceil staga Therefore, all necessary mRNA motecules are 
transcribed during oogenesis and stockpiled In a translatfonally 
Inactive, masked form. The mRNA are transfaGonafry activated 
at appropriate times during oocyte maturation, fertilization, and 



h Mm<8& Tgrepft floor Ttes^/ 8 

early embryogenesls and thus, are under strict transnational 
control. 

Translation has an established role In cell growth. Basi- 
cally, an Increase In protein synthesis occurs as a conse- 
quence of mftogenesis. Until recently, however, little was 
known about the alterations in mRNA translation In cancer, 
and much Is yet to be discovered about their role In the 
development and progression of cancer. Here we review the 
basic principles of translation^ control, the alterations en- 
countered In cancer, and selected therapies targeting transla- 
tion initiation to elucidate potential new therapeutic avenues. 

(Steele (Mndpb© off Ygot^sMotoS ©oroiM 

Translation Irttialton Isthe mainstep In transla&mal regulation. 
Translation initiation Is a complex process In which the Inltotor 
tRWA and the 40S and 60S rttmsomal suburbs ere recruited to 
the 5' end of a mRNA molecule and assembled by eukaryotic 
translation irOMcn fectas into an SOS rtboscma at tfta start 
ccdcnoftrmrnRWA(Hg. 1).Th3 5' end of eukgryotfc mRWA \s 
cappsd, /.a, corrtains the cap structu?® m 
guarrasina-triphos^^ Mosfc translation In 

eukaryotes occurs In a cap-dependent fashion, /.a, the cap is 
specifically recognized by the e!F4E, 3 which binds the 5' cap. 
The eJF4F translation Initiation complex Is then formed by the 
assembly of elF4E, the RNA heOcase elF4A, and elF4G, a 
scaffolding protein that mediate the binding of the 40S ribo- 
somal subunJt to the mRNA molecule through Interaction with 
the e!F3 protein present on the 40S rfbosoma elF4A and eiF4B 
participate in melting the secondary sino^ of the 5' IJTO of 
the mRNA The 43S Initiation complex (40S/ell=2/Met-tRrW 
GTP complex) scans the mRNA in a 5'-*3' direction until it 
encounters an AUG start codon. This start codon Is then base- 
paired to the anticcdon of initiator tRNA, forming the 48S initi- 
ation complex. The Initiation factors are then displaced from the 
48S complex, and the 60S ribosome joins to form the 80S 
ribosoma 

Unlike most eukaryotic translation, translation Initiation of 
certain mRNAs, such as the plcomavirus RNA, Is cap Inde- 
pendent and occurs by Internal ribosome entry. This mecha- 
nism does not require elF4E Bther the 43S complex can bind 
the Initiation codon directly through Interaction with the IRES In 
the 5' UTR such as in the encephalomyocarditis virus, or it can 
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Binding of eIF4F complex to 
mRNA 5' cap 




Unwinding of secondary structure 
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Ffg. 1, Translation initiation to eukaryotes. The 4E-BPs are hyperphos- 
phorylated to release elF4E so that it can Interact with the 5' cap. and the 
elF4F Initiation complex is assembled. The interaction of pofy(A) binding 
protein wfth the mJttatfon comp5ex and cfrcuterfzatton of the mRNA Is not 
depicted In the diagram. The secondary structure of trie 5' UTR is melted, 
the 40$ rfoosomai subunit is bound td eJF3, and me ternary complex 
consisting of elF2, OTP, and the Met-tRNA are recruited to the mRNA. The 
rtboscme scans the mRNA {n a 5'-*3' direction until an AUG start codon 
id found In the appropriate sequence context The initiation factors are 
released, and the large rfcosomaJ subunlt is recruited. 



initially attach to the IRES and then reach the initiation codon by 
scanning or transfer, as is the case wfth the pollovirus (1). 

Regulation of Translation Initiation 
Translation Initiation can be regulated by alterations in the 
expression or phosphorylation status of the various factors 
Involved. Key components In translations! regulation that 
may provide potential therapeutic targets follow. 

eHF4E. elF4E plays a central role In translation regulation, 
ft Is the least abundant of the initiation factors and Is con- 
sidered the rate-limiting component for Initiation of cap- 
dependent translation. eIRE may also be Involved In mRNA 
splicing, mRNA 3' processing, and mRNA nucfeocytoptas- 
rrfc transport (2). elF4E expression can be Increased at the 
transcriptional level In response to serum or growth factors 
(3). eiF4E overexpresslon may cause preferential translation 
of mRNAs containing excessive secondary structure In their 
5' UTR that are normally discriminated against by the trans- 



lations! machinery and thus are inefficiently translated (4-7). 
As examples of this, overexpresslon of elF4E promotes In- 
creased translation of vascular endothelial growth factor, 
fibroblast growth factor-2, and eyefln D1 (2, 8, 9). 

Another mechanism of control is the regulation of elF4E 
phosphorylation. elF4E phosphorylation is mediated by the 
rnltogervactivaied protein Wnase-lnteractlng kinase 1 , which 
Is activated by the mrtogen-activated pathway activating 
extracellular signal-related kinases and the stress-activated 
pathway acting through p38 mitogen-activated protein ki- 
nase (10-13). Several mitogens, such as serum, platelet- 
derived growth factor, epidermal growth factor, insulin, 
angiotensin II, sre kinase overexpresslon, and has over- 
expression, lead to e5F4E phosphorylation (14). The phos- 
phorylation status of elF4E Is usually correlated with the 
translaMonal rate and growth status of the ceil; however; 
elF4E phosphorylation has also been observed In response 
to some cellular stresses when translations] rates actually 
decrease (15). Thus, further study is needed to understand 
the effects of eIF4E phosphorylation on e!F4E activity. 

Another mechanism of regulation Is the alteration of e!F4E 
availability by the binding of eIF4E to the e!F45-blndfng pro- 
teins (4E-BP, also known as PHAS-I). 4E-BPs compete wfth 
ef F4Q for a binding site In elF4E. The binding off elF4E to the 
best characterized elF4E«toindlng protein, 4E-BP1, is regu- 
lated by 4E-BP1 phosphorylation. Hypophosph&ytated 4B- 
BP1 binds to e!F4E, whereas 4E-BP1 hypeTphosphorylation 
decreases this binding. Insulin, angiotensin, epidermal 
growth factor, platelet-derived growth factor, hepatocyte 
growth factor, nerve growth factor, InsuHn-like growth factors 
I and II, InterteuWn 3, ^rahulocyte-macjrophage colony-stim- 
ulating factor + steel factor, gastrin, and the adenovirus have 
ail been reported to Induce phosphorylation of 4E-BP1 and 
to decrease the ability of 4^BP1 to bind elF4E (15, 1Q. 
Conversely, deprivation of nutrients or growth factors results 
In 4E-BP1 dephosphorylation, an increase In e»F4E binding, 
and a decrease in cap-dependent translation. 

p70 S3 Kinase, Phosphorylation of ribosomal AOS protein 
SB by S6K Is thought to play an Important role in {translations] 
regulation. S6K mouse embryonic cells proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive influence on cell proliferation (1 7). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
dlgopyrirnjdlne tract (5' TOP) found at the 5' UTR of ribosomal 
protein mRNAs and other mRNAs codng for components of 
the translational machinery. Phosphorylation of S6K is regu- 
lated in part based on the availability of nutrients (18, 19) and Is 
stimulated by several growth factors, such as pJatetet-derh/ed 
growth factor and InsuHn-like growth factor I {20). 

ellF&az Phosphorylation. The binding of the Initiator tRNA 
to the small ribosomal unit Is mediated by translation Initia- 
tion factor elF2. Phosphorylation of the a-subunit of elF2 
prevents formation of the elWOTP/Met-tRNA complex and 
inhibits global protein synthesis (21, 22). elF2a Is phospho- 
rylated under a variety of conditions, such as viral Infection, 
nutrient deprivation, heme deprivation, and apoptosis (22)! 
eJF2« Is phosphoryfated by hemenregulated inhibitor, nutrient* 
regulated protein kinase, and the IFN-induced, double- 
stranded RNA-activated protein kinase (PKR; Ref. 23). 



Tito© fmTOU Signaling Wtoay 0 The macrollde antibJolfc 
rapamycin (Siraiimus; Wyeth-Ayerst Research, CoUegeville, 
PA) has been the subject of intensive study because it in- 
hibits signal transduction pathways Involved in T-celD activa- 
tion. The rapamydn-sensftfve component of these pathways 
is mTOR (also called FRAP or RAFT1). mTOR is the mam- 
malian homologue of the yeast TOR proteins that regulate Q 1 
progression and translation In response to nutrient availabil- 
ity (24). mTOR is a serine-threonine kinase that modulates 
translation Initiation by altering the phosphorylation status of 
4E-BP1 and S6K (Rg. 2; Ref. 25). 

4E-BP1 is phosphoryiaied on multiple residues. mTOR phos- 
phorylates the Thr-37 and Thr-46 residues of 4E-BP1 In vitro 
(26); however, phosphorylation at these sites is not associated 
with a loss of etF4E binding. Phosphorylation of Thr-37 and 
Thr-46 is required for subsequent phasphcryfation at several 
CQOH-ternilnal, senjm-ssnsftive sites; a combination of these 
phosphorylation events appears to be needed to inhibit the 
binding of 4E-BP1 to e!F4E (25). The product of the/mwgeiie, 
P38/MSK1 pathway, and p70tetn Gdnase Ccr also piay a rote fn 
4E-BP1 phosphorylation (27-29). 

S6K and 4E-BP1 are also regulated, in part, by P13K and its 
downstream protein kinase Akt PTOvl is a phosphatase that 
negatively regulates PI3K signaling. PTEN nuD cells have 
constitutively active of Akt. with Increased S6K activity and 
SB phosphorylation {30). S6K activity Is inhibited both by 
PJ3K inhibitors wcrtmannin and LY294002 and by mTOR 
inhibitor rapamycin (24). Akt phosphorylates Ser-2448 in 
mTOR In vitro, and this site is phosphoryiaied upon Akt 
activation fn vivo (31-33). Thus, mTOR Is regulated by the 
PKJK/Akt pathway; however, this does hot appear to be the 
only mode of regulation of mTOR activity. Whether the PI3K 
pathway also regulates S6K and 4E-BP1 phosphorylation 
Independent of mTOR Is controversial. 

Interestingly. mTOR autophosphorylation is blocked bywort- 
mannin but not by rapamycin £34). This seaming Inconsistency 
suggests that mTOR-responsive regulation of 4E-BP1 and S6K 
acttvity occurs through a mechanism other than Intrinsic mTOR 
kinase activity. An alternate pathway for 4E-BP1 and S8K phos- 
phorylation by mTOR activity is by the inhibition of a phospha- 
tase. Treatment with calyculmA, an inhibitor of phosphatases 1 
and 2A, reduces rapamycirHnduced dephosphorylation of 4E- 
BP1 and S6K by rapamycin (35). PP2A interacts with fufl-tength 
S6K but not with a S6K mutant that is resistant to dephospho- 
rylation resulting from rapamycin. mTOR phosphorylates PP2A 
fn vitro; however, how this process alters PP2A activity is not 
known. These results are consistent with the model that phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep- 
rivation and rapamycin block inhibition of the phosphatase by 
mTOR. 

Pollj^iniyMoinu The poly(A) tail In eukaryotfc mRNA is 
important In enhancing translation Initiation and mRNA sta- 
bility. PoJyadenytation plays a key rote in regulating gene 
expression during oogenesis and early embryogenesls. 
Some mRNA that are translation ally inactive in the oocyte are 
polyadenylated concomitantly with transtationa! activation In 
oocyte maturation, whereas other mRNAs that are transla- 
tionaily active during oogenesis are deadenylated and trans- 
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lattonally silenced (36-38). Thus, control of poiy(A) Hall syn- 
thesis is an important regulatory step in gene expression. 
The 5' cap and poly(A) tail are thought to function synergBs- 
tlcaily to regulate mRNA translations! efficiency (39, 40). 

TOft PacCtsglre^ Most RNA-bindlng proteins are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translatfonal fete of the transcript (41). A highly 
conserved family of Y-box proteins is found fin cytoplasmic 
messenger ribonucleo protein particles, where the proteins 
are thought to play a role In restricting the recruitment of 
mRNA to the transiational machinery (41-43). The major 
mRNA-assoclated protein, YB-1 , destabilizes the interaction 
of elF4E and the 5' mRNA cap in vrtno, and overexpression of 
YB-1 results In translatlona! repression In vfvo (44). Thus, 
alterations in RNA packaging can also play an important role 
in translatlona! regulation. 

Translation AtetrartSons Eflicoumtemed In Cancetr 
Three main alterations at the translatlona! level occur in cancer 
variations in mRNA sequences that increase or decrease trans- 
lations! efficiency, changes in the expression or availability of 
components of the translations machinery, and activation of 
translation through aberrantly activated signal transduction 
pathways. The first alteration affects the translation of an indi- 
vidual mRNA that may piay a role In carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 
as an increase in the overall rate of protein synthesis, and the 
translations! activation of several mRNA species. 

Warfafiibm M Sequence 
Variations in mRNA sequence affect the translatlona! effi- 
ciency of the transcript A brief description of these variations 
and examples of each mechanism follow. 

Mutations- Mutations In the mRNA sequence, especially 
in the 5' UTR, can alter its translatlonal efficiency, as seen In 
the following examples. 
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a&myzi, Saito ©fa/, proposed that translation off full-length 
>myc is repressed, whereas In savera! Burtdtt lymphomas 
that have deletions of me mRNA5' UTR, translation qfc-mye 
Is more efficient (45). More recertify, It was reported that the 
5* UTR of o-myc contains an IRES, and thus c-myc transla- 
tion can be initiated by a cap-Independent as well as a 
cap-dependent mechanism (40, 47). to patients with multiple 
myeloma, a C-»T mutation In the omyc IRES was identified 
(48) and found to cause an enhanced Initiation of translation 
via Internal ribosomal entry (48). 

SRGM. Asomatlc point mutation (117 G-*C) In position 
-3 with respect to the start codon of the BRCA 1 gene was 
Identified In a highly aggressive sporadic breast cancer (50). 
Chimeric constructs consisting of the wild-type or mutated 
BRCA1 5' UTR and a downstream luctferase reporter dem- 
onstrated a decrease in the translational efficiency with the 5 ' 
UTR mutation. 

G^iwSegmstfasK mnsm BnBtiM8w2&. Some Inherited 
melanoma kindreds have a G-*T transversion at base -34 
of cycfin-dependent kinase lnhibitor-2A, which encodes a 
cyclin-dependent kinase 4/cycHn-dependent kinase 6 kinase 
Inhibitor Important In G A checkpoint regulation (51). This 
mutation r glves rise to a novel AUG translation Initiation 
codon, creating an upstream open reading frame that com- 
petes for scanning ribosomes and decreases translation 
from the wild-type AUG. 

ABteMCfGo SpiclBTi0 ®M AStomatl® TcfroscrfprfSonT) SM 
Sfites. Alterations In splicing and alternate transcrtptfon sites 
canteadtovarJationstnS'irmssquer^ 
ary structure. ultimate&f Impacting trans?ate^ 

AWL The ATM gene has four noncoding exons In its 5' 
UTR that undergo extensive alternative splicing (52). The 
contents of 12 different 5' UTRs that show considerable 
diversity In length and sequence have been identified. These 
divergent 5' leader sequences play an Important role In the 
translational regulation of the ATM gen®. 

mdm In a subset of tumors, overexpresslon of the onco- 
protein mdm2 results in enhanced translation of the mdm2 
mRNA Use of different promoters leads to two mdm2 tran- 
scripts that differ only in their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
mRNA Is loaded with ribosomes Inefficiently compared with 
the short 5' UTR 

BRGA1. In a normal mammary gland, BRCA1 mRNA Is 
expressed with a shorter leader sequence (5'UTRa), whereas 
In sporadic breast cancer tissue, BRCA1 mRNA Is expressed 
with a longer leader sequence (5 r UTRb); the translational 
efficiency of transcripts containing 5' UTRb is 10 times tower 
than that of transcripts containing 5' UTRa (54). 

mF^$&, TGF-03 mRNA includes a 1.1-kb 5' UTR, which 
exerts an Inhibitory effect on translation. Many human breast 
cancer cell Bnes contain a novel 7GF-03 transcript with a 5' 
UTR that Is 870 nucleotides shorter and has a 7-fbld greater 
trans&tfonal efficiency than the normal TGF-p3 mRNA (55). 

Aftetnnrcrfte PoSyademyteriSosn Sites. Multiple poryadenyl- 
ation signals leading to the generation of several transcripts 
with differing 3' UTR have been described for several mRNA 
species, such as the RET proto-oncogene (56), ATM gene 
(52), tissue Inhibitor of metalloprotelnases-3 (57), RHOA 



proto-oncogene (58), and calmodulirH (59). Although the 
effect of these alternate 3' UTRs on translation Is not yet 
known, they may be Important In RNA-proteln interactions 
that affect translational recruitment The role of these alter- 
ations in cancer development and progression is unknown. 



Atitemlttms to £fte Cmnporaesdtis of the 
Tmn&BatiSoin} fl/focfo/i&efjf 

Alterations In the components of translation machinery can 
take many forms. 

Otrattsapiresssta off eSF4E Overexpresslon of elF4E 
causes maSgnant transformation In rodent celDs (60) and the 
deregulation of HeLa cell growth (61). Polunovsky ef aL (62) 
found that e!F4E overexpresslon substitutes for serum and 
individual growth factors in preserving viability of fibroblasts, 
which suggests that eIRE can mediate both proliferative and 
survival signaling. 

Elevated levels of elF4E mRNA have been found in a broad 
spectrum of transformed ceO lines (63). eIF4E levels are 
elevated In all ductal carcinoma In situ specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec- 
imens evaluated with Western blot analysis (64, 65). Prelim- 
inary studies suggest that this overexpresslon is atSributabte 
to gene amplification (66). 

Tr&e ana ecc^midsifng data suggesting that ©f F4E overex- 
presslon can be valuable as a prognostic marker. elF4Eover- 
axpression was f bund En a retrospective study to baa marker of 
poor prognosis in stages I to in breast carcinoma (67). Veriflcar 
tlon of the prognostic value of elF4E In breast cancer Is now 
under way In a prospective trial (67). However, In a different 
study, elF4E expression was correlated with the aggressive 
behavior of non-Hodgkhi's lymphomas (68). In a prospective 
analyses of patients with head and neck cancer, elevated levels 
of ©IRE in htetoJogfcafiy tumor-free surgical margins predicted 
a significantly Increased risk of tocah^icnai recurrence (S). 
These results an suggest that elF4E overexpresslon can be 
used to select patients who might herefrom more aggressive 
systemic therapy. r\nthermore, the head arrf 
suggest that eIF4E overexpresslon is a field defect and can be 
used to guide local therapy. 

Alterations In Other KnfMon Factors. Alterations in a 
number of other initiation factors have been associated with 
cancer. Overproduction of e!F4G, similar to elF4E, leads to 
malignant transformation in vitro (69). elF-2a Is found In 
increased levels in bronchloloalveolar carcinomas of the lung 
(3). Initiation factor e!F-4Al is overexpressed in melanoma 
(70) and hepatocellular carcinoma (71). The p40 subunfi of 
translation initiation factor 3 is amplified and overexpressed 
in breast and prostate cancer (72), and the eiF3-p1 1 0 subunit 
Is overexpressed in testicular seminoma (73). The role that 
overexpresslon of these Initiation factors plays on the devel- 
opment and progression of cancer, If any, is not known. 

©tferaxpressSoin) off SSGt S6K Is amplified and highly 
overexpressed in the MCF7 breast cancer cefl line, com- 
pared with normal mammary eptthenum (74). In a study by 
Bariund er a/. (74), S6K was amplified in 59 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 
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Overexpression of PAP. PAP catalyzes 3' poWi syn- 
thesis. PAP Is overexpressed In human cancer cells com- 
pared with norma! and vlrally transformed cells (75). PAP 
enzymatic activity In breast tumors has been correlated with 
PAP protein levels (76) and, In mammary tumor cytosote, was 
found to be an Independent factor for predicting survival (76). 
little Is known, however, about how PAP expression or ac- 
tivity affects the translations! profile. 

Alterations In RNA-blnding Proteins. Even less b known 
about alterations In RNA packaging In cancer. Increased ex- 
pression and nuclear tocaHzation of the RNA-Wndlng protein 
YB-1 are Indicators of a poor prognosis for breast cancar (77), 
norvsmal eel lung cancer (70), and ovarian cancer (79). How- 
ever, this effect may be mediated at least in part at the level of 
transcription, because YB-1 Increases cherrwestetance by en- 
hancing the transcription of a multidrug resistance gene (80). 



Activation of Signal Transduction Pathways 
Activation of signal transduction pathways by loss of tumor 
suppressor genes or overexpresslon of certain tyrosine kinases 
can contribute to the growth and aggressiveness of tumors. An 
importart ; mutant In human cancers is the tumor suppressor 
gene PT&i, whfch leads to the activation of thePBK/Aktpattv 
way. Activation of PI3K and Akt Induces the oncogenic trans- 
formation of chicken embryo fibroblasts* The transformed cells 
show constitutive phosphorylation of S6K and of 4&BP1 (81). 
A mutant Akt that retains kinase activity but does not phos- 
phoryiate S6K or 4&BP1 does not transform fibroblasts, whfch 
suggests a correlation between the oncogenicity of POK and 
Akt and the phosphorylation of S6K and 4E-BP1 (81). 

Several tyrosine kinases such as platelet-derived growth 
factor, insulin-like growth factor, HER2Aieu, and epidermal 
growth factor receptor are overexpressed in cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation Initiation, activation 
of translation Is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translationa) control. 
For example, HER2/neu mRNA is translatJonaily controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation in a cell type-Independent manner and 
by a distinct cell type-dependent mechanism that Increases 
translationa! efficiency (82). HER2/neu translation is different 
in transformed and normal cells. Thus, ft Is possible that 
alterations at the translationa! level can In part account for 
the discrepancy between HER2/neu gene amplification de- 
tected by fluorescence In sftu hybridization and protein levels 
detected by Immunohlstochemlcal assays. 



Translation Targets of Selected Cancer Therapy 

Components of the translation machinery and signal path- 
ways involved In the activation of translation Initiation repre- 
sent good targets for cancer therapy. 

Targeting the mTOR Signaling Pathway: Rapamycln 
and Tumstatfn 

Rapamycln Inhibits the proliferation of lymphocytes, it was 
Initially developed as an immunosuppressive drug for organ 



transplantation. Rapamycln with FKBP 12 (FK50S-binding 
protein, M T 12,000) binds to mTOR to inhibit its function. 

Rapamycln causes a small but significant reduction In the 
Initiation rate of protein synthesis (83). It blocks cell growth In 
part by blocking S8 phosphorylation and selectively sup- 
pressing the translation of 5' TOP mRNAs, such as ribosomal 
proteins, and elongation factors (83-85). Rapamycln also 
blocks 4E-BP1 phosphorylation and Inhibits cap-dependent 
but not cap-Independent translation (17, 86). 

The rapamycln-sensltive signal transduction pathway, acti- 
vated during ma%nam transformation and cancer progression, 
is now being studied as a targe* for cancer therapy (8(7). Pros- 
tate, breast, smaBceD lung, glioblastoma, melanoma, and T-cefl 
leukemia are among the cancer lines most sensitive to the 
rapamycln analogue 00-779 (Wyeth-Ayeist Research; Ref. 
8^lnrhabdomycosanx>iTO 

static or cytoddai, depending on the p53 status of the ceti;p53 
wild-type ceBs treated with rapamycln arrest in the phase 
and maintain their viability, whereas p53 mutant cefe accumu- 
late In ^ and undergo apoptosis (88, 89). In a recently reported 
study using human primitive neuroectodermal tumor and 
meduliobiastoma models, rapamycln exhibited mere cytotox- 
icity in combination with cfeplatin and camptothecin than as a 
single agent In vivo, CCI-779 delayed growth of xenografts by 
160% after 1 week of therapy and 240% after 2 weeks. Asingte 
high-dose administration caused a 37% decrease In tumor 
volume. Growth inhibition in vivo was 1-3 times greater, with 
cisplatin In combination with CCI-779 than with cfeplatin alone 

(90) . Thus, preclinical studies suggest that rapamycln ana- 
logues are useful as single agents and In combination with 
chemotherapy. 

Rapamycln analogues CCI-779 and RAD001 (Novartls, 
Basel, Switzerland) are now In clinical trials. Because of the 
known effect off rapamycln on lymphocyte proliferation, a 
potential problem with rapamycln analogues is immunosup- 
pression. However, although prolonged Immunosuppression 
can result from rapamycln and CCI-779 administered on 
continuous-dose schedules, the immunosuppressive effects 
of rapamycln analogues resolve in -24 h after therapy 

(91) . The principal toxicities of CCI-779 have included der- 
matofoglcal toxicity, myelosuppresston, infection, mucositis, 
diarrhea, reversible elevations in liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCI-779 have been conducted in 
advanced renal cell carcinoma and in stage HI/TV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported In abstract form, although there were no 
complete responses, partial responses were documented in 
both renal cell carcinoma and in breast carcinoma (94, 95). 
Thus, CCI-779 has documented preliminary clinical activity in 
a previously treated, unselected patient population. 

Active investigation is under way into patient selection for 
mTOR inhibitors. Several studies have found an enhanced 
efficacy of CCI-779 In PTEN-null tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive correlation 
between Akt activation and CCI-779 sensitivity {97). This 
correlation suggests that activation of the PI3K-Akt pathway, 
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regardless of whether it is attributable to a PTCN mutation or 
to overexpression of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-dlrected therapy. In contrast, 
lower levels of the target of mTOR, 4E-BP1 , ana associated 
with raparnycln resistance; thus, a lower 4E-BP1/eIF4E ratio 
may predict rapamycin resistance {98). 

Another mode of activity for rapamycin and its analogues 
appears to be through inhibition of angiogenesis. This activ- 
ity may be both through direct inhibition of endothelial cell 
proliferation as a result of mTOR Inhibition in these cells or by 
inhibition of translation of such proanglogenic factors as 
vascular endothelial growth factor In tumor cells (99, 100). 

The anglogenesis Inhibitor tumstatin, another anticancer 
drug currently under study, was also found recently to Inhibit 
translation In endothelial cells (101). Through a requisite in- 
teraction with Integrin, tumstatin inhibits activation of the 
Pf3K/Akt pathway and mTOR In endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1, thereby inhibiting 
cap-dependent translation. These findings suggest that en- 
dothelial cells are especially sensitive to therapies targeting 
the mTOR-signallng pathway. 




EPA is an n-3 polyunsaturated fatty acid found in the fish- 
based diets of populations having a low incidence of cancer 
(102). EPA inhibits the proliferation of cancer ceils (103), as 
well as in animal models (104, 105). It blocks cell division by 
inhibiting translation initiation (105). EPA releases Ca 2+ from 
Intracellular stores while Inhibiting their refining, thereby ac- 
tivating PKR PKR, in turn phosphorylates and inhibits elF2a, 
resulting in the inhibition of protein synthesis at the level of 
translation initiation. Similarly, clotrimazole, a potent antipro- 
liferative agent In vftrv and in vivo, Inhibits cell growth through 
depletion of Ca 2+ stores, activation of PKR, and phospho- 
rylation of elF2a (108). Consequently, clotrimazole preferen- 
tially decreases the expression of cydlns A, E, and D1, 
resulting in blockage of the ceil cycle In G v 

mcte-7 Is a novel tumor suppressor gene being developed 
as a gene therapy agent Adenoviral transfer of rocfe-7 (Ad- 
mda7) Induces apoptosis in many cancer cells including 
breast, colorectal, and lung cancer (1 07-1 09). Ad-mda7 also 
Induces and activates PKR, which leads to phosphorylation 
of eIF2a and induction of apoptosis (110). 

Flavonoids such as genlsteln and quercetin suppress tu- 
mor cell growth. All three mammalian elF2a kinases, PKR, 
heme-regulated inhibitor, and PERK/PEK, are activated by 
flavonoids, with phosphorylation of elF2© and inhibition of 
protein synthesis (111). 



andP&p8<8e3 - 

Antlsense expression of elF4A decreases the proliferation rate 
of melanoma cells (1 1 2). Sequestration of elF4E by overexpres- 
slon of 4E-BP1 is proapoptotte and decreases tumortgenlcfty 
(113, 114). Reduction of elF4E with antlsense RNA decreases 
soft agar growth, increases tumor latency, and increases the 
rates of tumor doubling times (7). Antlsense elF4E RNA treat- 



ment also reduces the expresdon of angiogenic factor (115) 
ami has been proposed as a potential adjirvarti therapy for head 
and neck cancers, particularly when elevated elF4E fe found lm 
surgical matins. Small moleculo Inhibitor that bind the eIF4G/ 
4E-BP1 -binding domain of eiF4E are proapoptotic (116) and 
are also being actively pursued. 



Bqptoffiig Sefectiim TfaansHatioFd for Gone TFhempp 
A different therapeutic approach that takes advantage of the 
enhanced cap-dependent translation in cancer ceils is the use 
Of gene therapy vectas encoding suicide genes with highly 
structured 5' UTR. These mRNA wouldtrujebeatacompetitiv© 
disadvantage in norma! cells and not translate well, whereas in 
cancer cells, they would translate more efficiently. For example, 
theimrcductkxioffte 

the coding sequence of topas slnw!extfnistyp&-1 toymkTtne 
Afaas© gene, aBows for selective toante^ <X henm simplex 
virus type-1 thymidine kinase gene In breast cancer ceil lines 
compared with normal mammary cefl lines and results In se- 
lective sensitivity to ganciclovir (1 1 7). 



Translation Ss a crucial process in evesy cell However, several 
ateatkms in translations! control occur in carter. Cancer eel is 
appear to need an aberrantly activated translate state far 
suMveJ, fhus allowing tfta tejgetfng of translation irifiiaifon vtftfi 
surprisingly low toxicity. Components of the translational ma- 
chinery, such as elF4E, and signal transduction pathways in- 
volved In translation initiation, such mTOR, represent promising 
targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preliminary activity in clinical trials. It Is possible 
that with the development of batter predictive markers and 
better patient selection, response rates to slngk>-agent therapy 
can be improved. Similar to other cytostatic agents, however, 
mTOR InhMors are most fikeiy to achieve cflrucal utility In 
combination therapy. In the interim, oir increasing understand- 
ing of translation initiation and signal transduction pathways 
promise to lead to the identification of new therapeutic targets 
In the near future. 
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Each YEAR, over 182,000 women in the United States are 
diagnosed with breast cancer, and approximately 45,000 die 
of the disease. 1 Incidence appears to be increasing in the 
United States at a rate of roughly 2% per year. The reasons 
for the increase are unclear, but non-genetic risk factors appear 
to play a large role!? 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic group, with a significant 
percentage, of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most predic- 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most node-positive women are given adju^ 
vant therapy, which increases their survival. However, 20%- 
30% of patients without axillary node involvement also 
develop recurrent disease,, and the difficulty lies in how to iden- 
tity this high-risk subset of patients, These patients could 
benefit from increased surveillance, early intervention, and 
treatment. 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
hormone receptorstatus, DNAploidy, proliferative index, and 
cathepsin D status. Expression of growth factor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

HER^l/neu (also known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies have indicated that high levels of expres- 
sion of this protein are associated with rapid tumor growth, 
certain forms of therapy resistance, and shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed m 10%-30% of invasive breast cancers and in 
40%-60% of intraductal breast carcinoma.* 

There are two distinct FDA-approved methods by. which 
HER-2/neu status can be evaluated: imniunohistochemistry 
(1HC, Herc*pTest™) and FISH (fluorescent in situ hybridiza- 
tion, PathVysion™ Kit). Both methods can be performed on 
archived arid current specimens, the first method allows visual 
assessment of the amount of HER-2/neu protein present on 
the cell membrane. The latter method, allows direct quantifi- 
cation of the level pf gene amplification present in the tumor, 
enabling differentiation between low- versus high-amplifica- 
tidh. At least one study has demonstrated a difference in 



recurrence risk m women younger than 40 years of age for 
low- versus high-amplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 1 6.7% for 
patients with no HER-2/heu gene amplification* 4 HER-2/heu 
status may be particularly important to establish in women with 
small (2S I'crt) tumor size. : 

The. choice of methodology for determination of HER-2/ 
neu status depends in part on the clinical setting. FDA approval 
for. the Vysis FISH test was granted based on clinical trials 
mvolvinfi 1 549 node-positive patients. Patients received one 
of three diffejrent treatments consisting of different doses of 
f cyclophosphamide, Adriamycin, and 5-fluorouracil (CAF). 
The study showed that patients with amplified HER-2/neu 
benefited from treatment with higher doses of .adriamycin- 
based therapy, while those with normal HER-2/neu levels did • 
not The study therefore identified, a sublet pf women, who 
because they did not benefit froin more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates mat HER-2/neu amplifica- 
tion in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death* 5 Demonstration of HER- 
2/neu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in stage-2 
breast cancer patients. • 

. Selection of patients for Herc^tm 0 (Trastuzuniab) mono- 
clonal antibody therapy, however, is based upon demonstra- 
tion of HER-2/neu protein overexpression using HercepTcsi 1 *. 
Studies using Herceptin 0 in patients with metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to chemotherapeutic agents and a small 
increase in overall survival rate. The FISH assays have m>t yet 
been approved fortius purpose, and studies looking' at response 
to Herceptin 6 in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well. However, 
. subsets of tumors are found which show discordant results; 
i;e., protein overexpression without gene amplification or lack 
of protein oyerexpression with gene amplification. The clini- 
cal significance of such results is.unclear. Based on the above 
considerations, HER-2/neu testing at SHMC/PAML will traV 
tize immunohistochemistry (HercepTest 0 ) as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clini- 
cal setting or clinician preference. 
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CPT code information 

HBR-2/oeu via IHC 

88342 (including interpretive report) 



. HER-2/nen via FISH 3 
'88271*2 Molecular "cytogenetics, DNA probe, each 
88274 ' Molecular cytogenetics, interphase in situ hybrid- 
ization, analyze 25-99 cells 4 
. 8829 1. Cytogenetics and molecular cy togenetics, interpre- 
tation an4 report 5 

Procedural Information 

Inununohistochemistry is performed using the FDA-approved 
DAKO antibody kit; Herceptestfc The DAKO kit contains 
reagents required tp complete a two-step immunohisto- 
chemical staining procedure forroutinery processed, parafim- 
embeddedspecbnens,FoUowingm<mbation\vi 
rabbit antibody to human HER-2/neu protein, the kit employs 
a ready-to-use dextran-based visualization reagent This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
common dextran polymer backbone, thus eliminating the need 
. for sequential application of link, antibody and peroxidase 
conjugated antibody. Enzymatic conversion of the subse- . 
qnentry added chromogen results in formation of visible 
reaction product at the antigen site* The specimen is then conn- 
terstained; a pathologist using light-microscopy interprets . 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-apprbved PathVysion™ RER-2/neu E>NA probe kit, pro- 
duced by Vysis, Inc. Formalin fixed, paxafBn-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section. The Pathvysion™ kit con- 
tains two direct-labeled DNA probes, one specific for the 
alphoid repetitive DNA (CEP 17, ipectnrm orange) present at . 
the chromosqme4?*enmunere and the second for the HER- 
2/neu oncogene located at 17ql 1.2-12 (spectrum green). Enu- 
meration of the probes allows a ratio of the number of copies 
of chromosome 17 to the number of copies of HER-2/heu to . 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene copy number on the two chromosome 17 
homolbgues normally present or an increase in the number of 
chromosome 17s in the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a normal/negative 
result, ratios of 2.1 and over indicate that amplification is 
present and to what degree. Interpretation of this data will be 
performed and reported from the Vysis-certified Cytogenet- 
ics laboratory at SHMC. 
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